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THE EFFECT OF SYNTHETIC GROWITI SUBSTANCES ON THE 
YIELD AND QUALITY OF TOMATO FRUIT 


By 

K. KUMAR WS. B. LAUL 

College of Agricultuxe, B.H.U. Varanasi and College of AgriculturS, iNa^pttr 
[Received on 5th May, 1959] 


INTRODUCTION 

In recent years such effort has been made to establish a physiological role of 
a new group of compounds generally known as “Growth Regulating Substances^ . 
This name is assigned to than because, when applied in a suitable manner nna m 
the correct amount they will affect the growth of plants in various 
group includes hormones vitamine and auxins. Intensive research in proceeamg in 
this particular field of Plant Physiology. 

Boysen Jensen (1936) began experiments on the process of stimulus conditions 
in Avena coleoptile. A new impetus was given to the study of the subject when 
Went (1938) published his method for extracting growth substances and denionstrat- 
ing the quantitative relationship between it and growth in avena coleoptile. 
Gustafson 0936 1940) developed a method of producimg partheno carpic truit by 
the use of growth promoting substances. His work opened a new fidd for hormones 
to be applied. James (1941) published his work on the chemical difference between 
seeded and hormone induced partheno cyrp c tomato fruits by 
acetic acid and Indole butyric acid of TX concentration. Rasmussen stuciiea 

the physiological action of 2-4 D on dandelion. Batjer and Thompson 
on the effect of naphthelcne acetic acid as locally applied to apples. Mitchel 
and Cullinan (1942) concluded that bud opening was stimulated by the applicatiori 
of Indolcacetic acid and Indole butyric acid. Ranjan and Kaur (19d2) worked 
cn the effect of pre-antbesis spray of methylnaphthoxy-acctic acid and development 
of seedless fruit. Osborne, Wain and Walker (1954) studied certain aryloxy acetic 
acid for inducing rooting and tomato setting. 


In the present investigation eifort has been made to sec the erfcct of tiormoiie 
applied along with nutrient solution and then sprayed. 


METHOD AND MATERIAL 

Tomato seedlings of Ponderosa variety were transplanted in earthern posts of 
medium size holding about 10 kg m of sand in August 1950. Fifty similar pots 
were arranged in ten rows of five each. First five pots served as control received 
only Hoagland and Snyders solution. Remaining forty-live pots were divided into 
three groups of 15 pots receiving the growth substances in the doses with nutrient 
solution. Each dose was replicated five times. Following hormones were used:— 

1. Indole-S^ Acetic Acid «•.. (1-3- A. A.) 

2. Ortho-iso-prophylnitro phenyl carbonate ... (O.lJhN.C.) 

3. Phenoxy Acetic Acid ... — (1\A.A*) 

1/' stock solution of hormones was prepared. First the hormone was dissefived in 
little absolute alcohal and then the volume was made up to tlic point by distilled 
water. Out of this stock solutions were made with water to have desired doses of 
10, 20 and 30 p.p.m. The control pots did not receive any hormone, the treated 
ones were supplied with the respective doses once in a month together with Hoagland 
and Synder's complete nutrient solution. At the time of transplantation half the 
amount of nutrient solution and hormone required was suppliexl, later on one liter 
per pot of nutrient solution and hormone per month was applied. The pH of the 
solution applied ranged between 3*5. Daring pre-antheds period the hormones in 
respective doses were sprayed on buds. Before the Anthers dehisced the stamens 
were removed, the style was cut off and hormone was sprayed at the cut surfaces. 
So Aqueous solutions of hormones were also locally sprayed, 

Fruitling in hormone treated plants started one week earlier than th^ control 
plants. 

Total number of fruit per plant and average weight of fruits per plant was 
recorded. Fruits selected at random were cut in two halves to sec its partheno carpic 
condition. No fruit was completely partheno carpic, but different treatment produced 
different degree ofiParthcus-corpic condition. The quality of hormones treated fruits 
and control was compared. Since all the flowers were emasculated so sample were 
taken at random for analyses.. The gain in dry matter was recorded after drying 
them in electric oven. Later on they were powdered for ash and dry matter 
analyses. 

Analyses of the Dry Matter : 

Dried fmit samples were anlysed for percentage of total nitrogen and protein 
lutrogen, by Kjeldars method modified by Gunning to include Nitrate Nitrogen. 

Fotassium, phosphorous and calcium were estimated by A.O.A.C. method. 

Analyses of Fruit Juice *. 

The fruit juice was analysed for pH by Beckmans pH meter with glass and 
calomel electrode, ascorbic acid (vitamin c) by Dichloropbenol-indophcnol rnetho l 
and Titratable acidity by titrating the fruit juice against N/10 NaOH. . 
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Analyses of Fresh Fruit : 

The quality of fresh fruit was assessed with reference to carbohydrate fractions- 
glucose^ total sugar and starch by Lane and Eynon’s method using Fehling solution 
A & B with Methylene blue as external indicator. 

RESULTS AND DISCUSSION 

An inspection of the table shows that the lower dose of L3-A.A. did not bring 
about any significant increase in the number of fruits per plant. The tw^o higher 
doses 20,30 ppm and^ all the doses of P.A.A. ar d O.I.P.N.G. brought about a signi- 
ficant enhancement in the number of fruits over the control. Increasing doses of 
I-3-A.A. and P.A.A. brought about increasing yield per plant. But O.I.P.N.G in 
increasing dose could notalter the yield significantly though the difference from the 
control was enormous. 

Significant gain over the control in dry matter was visible in all the doses of 
hormone treatments except in 10 ppm I-3-A.A. O.I.P.N.G. seems to influence dry 
matter accumulation more effectively than any of the effective hormone Christiansen 
ilunz, Bonner and Thimann (1949) on auxin treated pea stem sections, they found 
geater increase in dry weight in auxin treated tissues as compared to control. 

The conversion of starch into sugar in hormone treated tissues is known to be 
a common feature in ripening of fruits. Byron E. James (1941) in ‘'the study of 
some chemical differences between the artificially produced partheno carpic fruits 
and seeded Iruits of tomato’^ observed that the percentage of starch continued to 
decrease as the fruits ripened, and the percentage of sugar in the locules of partheno 
carpic fruits continued to increase. A review of the tabic shows a fall in the 
percentage of starch and a significant rise in the percentage of total sugar and 
glucose in many of the hormone treatments. 

A shift of pH towards acedic side is another noteworthy feature of hormone 
treatments. It is well known that the influence of the pH of the medium on auxin 
activities is considerable. As some of the previous works show that the auxin 
activity it related to the undissociated acid on the hormone than to the total 
concentration ol the hormones. The undissociated acid exists in the lipoidphase 
e.g, plasma membrane and lipo protein. It has been urged that the liyo philic 
properties of auxin may be assisting its absorption and translocation to variuos 
tissues. Vyhether this change in pH is a response by the plant to secure greater 
speed of inigration of the synthetic hormone as a result of auxin activity is difficult 
to say. The fact, however, remains that the content of both titratable acid and 
hydrogen ion concentration show an increase in the fruits of the treated plants. 

The increase in the total and protein nitrogen of tomato fruits from hormone 
treated plants has a parallel in the findings of Christianson, Kunz^ Bonner and 
Thimann (1949) on the treated pea stems, A greater consumption of amino acids 
and a greater synthesis of protaiii in the hormone treated tissues as observed by 
Christianson KunZj Bourier. Thimann (1949) in comparison to untreated ones is 
also reflected in the present investigation. Whether this increase in protein nitrogen 
is of any significant relation to auxin induced growth is difficult to say. 1 here is 
no proportionality in the increase in protein synthesis and the increase in growth is 
conceded by Broughs and Burstorm (1954). 

Struckmayer (1951) noted the calcium sparing action of hormones. The 
increased breakdown of protopectin in plants treated with synthetic auxin, perhaps 




keeps more calcium mobile because less of it is tied up in the primary wall, as 
calcium bonds between carboxyl group of the chain of anhydrogalacturonic acid of 
protopectin. In the present investigation increase in calcium may be due to the 
action of hormones. Except in 20 and 30 ppm and I-3-A.A., 20 O.LP.N.G. 

and 20 ppm PAA nowhere the percentage of phosphorous increased significantly 
over the control, with 20 ppm PAA a steep fall was recorded in hormone treated 
fruits. Bonner (1938) and his school of thought hold that I-3-A.A* affects growth 
and respiration through the metabolism of phosphates. Phosphate metabolism has 
been shown to be of permanent importance for the transfer of energy, it would 
appear that I-3-A.A. can therefore regulate the flow of energy in various other 
reactions in the plants. Bonner (1950) looks upon the organic acid metabolism as a 
mechanism which provides a substrate for auxin action. According to this view 
organic acid metabolism together with indegenous respiration generates high energy 
phosphate. As the migration or utilization of which is controlled by the auxin. 

From the examination of the table it is clear that except in I-S-A.A. in all 
other auxin treatments the percentage of potassium has increased in tomato fruits. 
The increase in potassium seems to reflect the cause of increased protein and acidity. 
It was pointed out by Cooil (1950) with the increased supply of potassium, there 
was increase in citric acid. Potassium might have been absorbed from the nutrient 
solution and would have increased the acidity as found in this investigation. It may 
be that P.A.A. and O.I.P.N.G. would have assisted in the luxury absorption and 
assimilation from the growth mediums and part of the absorbed amount would have 
been assumed in the synthesis of protein. I-3-A.A, would have failed to cause a 
luxury absorption and the absorbed amount might have been consumed in protein 
synthesis. So this might have brought about a fall. 
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SUMMARY 

All the hormones in 10, 20 and 30 p.p.m. doses promote the quality and bring 
about high yield. Potassium content of fruits increase in all cases except I-3-A. A. 
Phosphorus does not follow the same trend. 
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A preliminary survey of the vegetation of 

MUZAFFARNAGAR DISFRICr IN THE UPPER GANGETIG PLAIN U. P. 


By 

RAJ K. GUPTA 

Botanical Survey of India, Poona 
[Received on 13th March, 1959] 

INTRODUCTION 

Since Dudgeon (1920) described Ecology of the Upper Gangetic Plain, various 
botanists have given the vegetation from difTerent places in the Upper Gangetic 
Valley. Varma (1936) studied the ecology in the vicinity of Lucknow, Puri (1954) 
studied the 4 types of plant communities in Siwaliks ; while Puri and Dabral (1957) 
further correlated their studies with the succession of ground flora species in the 
forest plantations in New Forest, Dehra Dun. More recently Misra (1959) gave a 
description of the plant communities in the Gangetic Plain, 

In many parts of the district vegetation is poorly represented owing to 
^nturies of abuse, and has resulted in violent erosions on the banks of Ganges and 
Yuinna forming ravines. These are now completely denuded, that they are 
destitute of vegetation, except for the desert flora, e.g,, Acacia arabica Willd. Capparis 
aphylla Roth., ^izyphus sp,, etc. The principal cause of the existence of these 
erosions are (1) the^ relentless pressure of the multiplying populatioo, both human 
and bovine, (2) unlimited and controlled grazing (3) faulty agricultural practices 
by the population of the district. Preliminary studies on the vegetation of 
Muzaffarnagar district have been made, and arc being described here ; detailed 
studies on the ravine flora will be given in a separate communication. 


Physical Features and Drainag;e : 

MuzafFarnagar is situated in the ‘doab^ of rivers Ganga and Yumna between 
the district of Meerut on the South and the Saharanpur on the North. On the 
west Yumna separates it from Panipat and Thancsbar tehsils of Karnal district 
(m East Punjab) and in the cast Ganga separates it from Bijnor district. Thus the 
district is flanked on either side by Tvandars^ of Ganga and Yumna giving it an 
elevation of about 1,000 ft. above sea level. 

The district is drained by a canal of the river Ganga near Khatauli, and 
rivers Solani, Budhiganga and Kalinadi. The main stream of Ganga is about 24 
miles from the town, and touches the boundary of the district at Sukhartal, On the 
west flows river Yumna, forming the boundary of the district. 

Climate : 

The climatic conditions have hem wcdl described by Dudgeon (1920) and some 
of the salient features have been given by Misra (1958). 

The matereologiCal data and the phenological oliscrvaticais have shown that 
the year is divisible into G seasonal piiases, according to Misra (1959) known as 
‘Ritu»\ 



Since the district is close to Swalik ranges of Saharanpur, the climate on the 

whole is dry monsoonic with a mean annual temperature of 75*-85 h (the highest 
with a maximum of llO^F in June), In Januaiy the mean maximum temperature 
is about 60°F while the mean annual minimum temperature is about 30-40^F* 



Rainfall t 

The annual rainfall is about 30*40^^ falling mainly during the monsoon period. 
Rainfall at various stations in the district have been reprcsciucd by the rainfall 
paterns ; Fig. 1 & 2. 

There is a well marked change of seasons in the district. June being the 
hottest and January being the coldest month of the year. Corresponding to the 
changes in the season, natural vegetation also changes and have been described 
by Misra (1959) from the Gangetic Plain. In general during rainy season due to 
increase in soil water content and decrease in air and soil temperature herbaceous 
vegetation springs up. In winter season October to February, temperature is low 
and humidity of the air is also lower. The number of plants per unit area 
decreases. Summer season starts from March ending till June when temperature 
increases and humidity becomes low. The water content of soil also decreases, all 
the annuals die and trees give a new flash of leaves. 

Rock and Soil : 

As the district lies in the south of Saharanpur Siw'aliks, extension of tei riary 
Siwalik ranges touch the boundary of the district at some places. The plain areas 
are associated with eroded hill sides and alluvim. 
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Biotic Factor : 

On account of the heavy human population and agriculture natural vegetation 
is poorly represented in the district. I he low lying areas are a conspicious feature^^ 
arising naturally as gullies, depresion or artificially dug ponds and tanks. Grazing 
and cultivation are very old practises among the population of the district, so much 
so, that they have modified the development and succession of the vegetation, 
Smeharum qfficinarum (Sugar cane) is the chief produce of the district. 



DJFMAMJJASON D J 
I, — Ombothermk curre showing the relation between rainfall and temperature 


Vegetation : 

As has been pointed out earlier there is a marked change in the vegetation of 
the district in different seasons of the year. There is progressive developmental 
tendency among the plant communities towards the climatic types. This has been 
ailed as the ‘Topographic Succession’ by Dudgeon (1920), 


t 9 ] 



^^po§rapliic succession here C3.n be reDresentprl nc 'T'i*/-v 

(2) Dry „.adow s«ge (3) W« „.ad„„ a.ag. anTcrH^lL^r 



Thorn Scrub Stage : 




Jatropha 


Sosiipifolia Linn. 


arabu 


tea 


n . . PUmnrtia 

^^ppans aphylla Roth. 


scrui) $tage 


indim 

Mute*} 
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monospema Kuntz., Adhatoda vasica Nees. and some grasses like Aristidao Andropo gong 
Chloris and Apluda, (Ph. 1), 



Ph. 1, — Capparis’-Z^zyphus aacl Adhaloda Association. Vegelation belo\v A. arahica and 
Dalbegia sissoo on the banks of Ganges canal at Khatauli 

Acacia arabica Willd. is very common in some what moist situations and Butea 
monosperma Kintz, represent a scrub vegetation in the low lying areas. Acacia arabica 
is frequently associated with Dalbegia sissoo Don,, in small quantity with shrubs of 
Adhatoda vasica Nees., Capparis sepiaria Linn., Lantana camara Z^zyphus mauratia na 

Lamk. and Phoenix, etc. There are a number of climbers on Zj^^yphas and Acacia, 
e. g., Hemidesims indicus Br., Gocciilus villosas Dc., Tinospora corJifolia Miers., Coccinia 
indica W. & A,, Vitis spp., and Abrus precatorius Linn. Common species on the ground 
are Vernonia cinera Less., Peristrophe bicalyculata Nees., Sida cordifolia Linn, and 
Achpranthes aspera Linn- 

In this stage the ground vegetation only shows structural responses to the 
seasons, small patches of forest just exist because the land is unserviceable and not 
easily accessible ; otherwise the vegetation is continuously cut for fuel and in all 
probalityj it would develop on the areas occupied by wet and dry meadows, if the 
biotic factors are removed. 


Dry Meadow Stage : 

This stage is represented on the level grounds between the low lying lands and 
cultivated fields. The annual and perennial grasses (with annual shoots) give a 
seasonal aspect to the communities. During the rainy season this is a closed 
community of Boerhavia diffusa Linn., Indigofera enneaphylla Linn., Gj^nodm dactylon 
Pers., Evolvulus alsinoides Linn., Convolvulus pleuricautis Ghois., Just icia dffusa Wuld. 

After the rains Cassio tora Linn., Eragrostis tenella R. & S., Rungia rp^ens Nees., 
pldiotropium strigosum Willd., Tephrosia purpurea Pers., and Euphorbia tkymijo ha Burm. 
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are present. Other common'-^lants are Convolvulus atv&nsh Linn.^ Lepidagalhis irinerms 
Nees., Vernonia ctnera Lino., Corckorus antichorus Roeush., Sida humulis Calatropis procera 
R. Br. and Launea asplenifolia, inspite of grazing ; while in summers and dry seasons 
the community becomes open and most of the plant resume a prostrate hal)it«. 
Thorny shrubs and trees may be present that are spared by man and animals. 
In the areas that are heavily grazed Aristida adscensionis Linn., is dominant. 

Wet Meadow Stage : 

This stage is seen near the pools and puddles where water during rainy season 
gets stored up. The substratum of these pools remains covered with water 4 or 9 
months following July each year. During summers it receds even up to the centre 
of these pools ; while during rainy season it may extend even upto the dry meadows. 
As the water receds from the margins in the post monsoon dry season mud 
cummunities develop. The common plants of the community are Cjnodon dactyUn 
(Linn.) Pers., Rumex dentatus Linn., Scirpus marUimus Linn,, Ranundus sd0raius Linn 
Cyperus difformis Linn,, Fimbristylis diphyllaVM., ^ tm&llall. &c S,, Polygonum 

pkbejum Bv,, Sphaeranthus indicus Linn, etc, (Ph. 2). 



Pii. 2. Wet Meadow Stage Cynodon dactylon 


pl.ec.-”'*'’ P‘“‘ “■““■mitie. a„ very well ,ee„ a, 


(1) Catsulia axillaris community. 

(2) Pypha hngifolia community. 


(3) Ip omea pure or mixed with Eichchornia, (Ph. 3). 

(4) Polygonum glabrum community* 



Ph. 3, — Eichchornia-Jpomea community in the wet meadow stage. 


Hydrophytic Vegetation : 

This type of vegetation shows a definite succession in the monsoonic pools, 
where water during the rainy season gets stored up ; in which iree lloating, 
attached, sub-merged and amphibious form are found. 

According to Misra (1959) the subaqueous withering of the alluvial parent 
material forms a clayey substratum the thickness of^ which vanes with its age. 
During the acqous phase, it is occupied by communities of submerged, lloating 
leaf forms and amphibious plants. 

Common free floating plants are Cerotophyllum demersum lu\nn. ^ Azolla pinnata 
Lfmna minor, Wolfia aryhiZa Wimm ; Trapa bispinosa Roxb. and Eichchornia species. 
During winter Azolla pinnata is so much that the whole pool looks brown. Besides 
that there are some algae present forming the plankton formation in these pools, 
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common being Spirogyra Cladophora, Oedogoniinn^ Vmichma and Ilydrodktyon species. 
(Ph. 4), 



3.“-Mixing of hydrophytic vegetation with wet meadow stage diu-ing witvtcw, hloaiing is 
Az4la pirmaia and Mm ilea sp. 


Common submerged plants are Roylo., Polamogdon pedinaius 
Linn., Vallisneria spiralis Linn,, Z^nichellia palmtris Linn,, Cliara sp, and Jtissia sp. 

^ Fixed aquatic plants are Thypa elephantina, Ranunculus scleratus Linn,, Sdrpus 
marjiima lAnn, Melurnbium sp,, Polygonum glabrtirn. In shallow waters Ipomea reptans 
Poir., Panicum paspaloides Pairs,, Panicum punciatum Burm. and Polygonum glabrtitn arc 
common. 


These plants arise in quick succession from the seeds, rhizomes and rootstocks 
of previous year s, stand, embeded in substratum. During winters when tlic water 
IS clear they attain their maximum luxurience. 

^ ^ The existence of ecotones with admixture of species from the adioincr coininu- 
Dities IS quite common in the area. ^ 


The study shows that apart from the seasonal climatic changes in the plant 
communities there is a gradual but progressive developmental tendency arnonur 
them towards the climatic type. Within a course of year seasonal changes of the 

1 vegetation of the district consists of a 

mixed population of plants. 
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A preliminary survey of the vegetation of 

NAINITAL IN KUMAON HIMALAYAS 


By 

RAJ KUMAR GUPTA*^ 
Government College, Mainital 
[Received on 13tli March, 1959] 


INTRODUCTION 

Being the summer capital of Uttar Pradesh and a health resort, Nanital ii 
visited by numerous tourists, naturalists and students every year during summers. 
Botanists who have earlier visited the locality include Champion, Dutliic, David- 
son, Jacquemont, Kenoyer, Osraaston, Royle, Strachey, Thompson, Winterbottom 
and othersi Results of Strachey were published in a catalogue in 1906, wliile 
Osmaston published a forest flora for Kumaon (1927), giving mainly the shrubs 
and trees, he did not include the herbaceous vegetation. Jain (1956) gave a list 
of plants collected by him during May and June. Bhargava and Gupta (1950) 
conapiled a list of the plants flovering in different months of tlic year, i>ased on 
their own collections and a card index prepared by Champion, 

A brief account of the observations on the vegetation is being presented here, 
as made by the author during his stay for several years at Naini Tab Plants 
were collected in different seasons of the year. They are preserved in the 
herbarium, Government College, Naini Tal. 


Topography and Physical Features : 

Naini Tal is situated in Kumaon Himalayas about 22 miles from Kathgodara 
in the valley of Gager range running east and west, bounded on the north by 
peak of China (2856 m.) continued by Alma peak and sher-ka-danda to the eastern 
extermity, where the ridge descends almost to the level of the lake. On the West 
the rugged hill of Deopatta rises to an height of about 2662m, diminishing 
gradually towards east. Eastern boundary is a pass through which surplus waters 
of the lake find an exit. 


The lake is situated at an elevation of 2100m., its length breadth and 

U about 1500, 500 and 30 moura. roaptetively. In the’ lake SdfS i. a .ufphS 
spring and as also outside it near Tallital bazar. ^ 


Climate : 

. The precipitation is mainly derived from the south west monsoons and falls 
226cm. Snow falls during winters and stays for sometime on the peaks The 

average humidity IS about 82 me 

_ The average maximum temperature is about 85°F. during summers and 
during autumn and the average minimum temperature is about 32’^F. 

*Prcscnt Address : Botanical Survey of India, Poona. 
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Geology and Soil i 

The forests are mainly on gncssis and schists, extending over quartzites, 
granites, limestones and shales. The soils show a wide range and are formed by 
the decomposition of these rocks. 

Biota : 

The influenee of man and animals is well marked on easily accessible forests. 
As all the oaks are good fodder for cattle^ by continuous lopping large blanks 
haye come into existence, or these forests have been converted into serub stage, 
inis scrub passes ir»to grasslands or give place to bushy secondary growths, usually 
consisting of species of Berberis^ Spiraea^ Rubus, Daphne ^ Pnnsepia and Crataegus* 

Vegetation : 

There is a great diversity of plant groupings ranging from Hfe on open water to 
that on open land, woodland and rockyclififs on the roadsides. The following types 
of vegetation is seen and is being given as under. 



VEGETATION ON THE WOODLANDS 

No dense forests are present in the locality, due to continuous biotic influence 
except on some unacessible and protected ridges. The highest peak of the locality 
is the China peak about 2| miles from the lake. Besides that Snow view and 
Lariakanta arc situated on the north east of the town, Landsend is the abrupt end 
of a road and Dorothy's seat (2546m.) and Tiffin top are other peaks visited by 
naturalists, tourists, and students alike. 

The vegetation on the ridges of these peaks is almost similar and typical of 
the Himalayan moist temperate type (Champion 1936) consisting of mostly the 
oaks and conifers. The conifers have come up as a result of the disturbance in 
the oak climax, either naturally or by artificial means such as human interference 
in form of felling, fire and cultivation. 
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The vegetation can be classified as t 

(i) The lower oak conifer forests 

(ii) The middle oak-conifer forests 
{Hi) The upper oak -conifer forests 


(i) Lower Oak-Conifer Forests : 

These forests consist chiefly of ban oak, Q^iorcus incan% Roxb. and when well 
developed form a dense canopy, but are generally seen in the locality in a degraded 
form. In the damp ravines there may be mixture of other species such as 
Rhododendron arboreum D. Don. (15-20%), Pieris ovalifolia D, Don (5-8%) and 
Carpinus vimnea Wall. Euonymus pendulus Wall., Ilex dipyrena Wall., Belula alnoidcs 
Ham,, Finns roxburghii Sarg, and Cedrus deodara Load-, in small proportions. 

The common shrubs and herbaceous undergrowth is of Viburnum colinijolium 
B* Dor}», Desmodium sp., Indigof era gerardiana Wall,, Berberis lyciuni Roylc, Berbms 
asiaiica DC., Lonicera quinquelocularis Hardw., Strobilanlhus dalhousiawis Wall., Lepio- 
dermis lanceolataV^M., rVikstroemia canescens Mcissn,, Spiraea mcdnifdia 1). l)i>iu ixnd 
Myrsine africana Linn. 

Common Herbs are Pleclranlhus rugosus Wall, Mytiadis wallichii Less., Agrimonla 
enpatorium hirm,, BoenninghauseniaaUifioraP.c\\h, Viola canesmis Wall, Galium aspeal 
Joium Wall, and Pimpinelh diver sif alia DO. 

Hedera nepalensis Koch,, Smilax parvijtora Wall., Vitis hiinalayana Bran, and 
Rosa moschata Mil!* arc the Common climbers that can be seen. 


(tt) Middle Oak- Conifer Forests : 

These type of forests consists of mainly the moru oak Qycrcus dilalaia 1/hk 11. and 
become more luxurient in the damper climate than the ban oaks. There is greater 
inixture of secondary species in the top storey; mainly of deciduous species. The 
main tress of this zone are Qwcm 5 dialatatalAndX y Rhododendron arboreum D. Don., 
Machilus dutkei King., Beiula alnoides Ham., Euonymus pendulus 'W nil,, mid Lindera 
pulcherrima Benth., Eruya aenminata Dc. 

, shrubby undergrowth is of Spiraea vaccinifolia D. Don,, Viburnum cotinifolium 

D. Don., SarcQCCcca pruntformis Lindl, Deutzia corymbosa Br. and Myrsine africana 


The growth of epiphytic herbs is less pronounced than in ban forests and 
less than in Qjfercus smicarpifolia forests, but the epiphytes arc non 

the less conspicuous during monsoons, ^ ^ 


(itt) Upper Oak-Conifer Forests \ 

These forests form the upper limit in the locality and form dense crops. 

the Kharsu oak, Quenus smicarpifolia Urn. 
iWiV/i PP proportions of Beiula alnoides, Rhododtridron arboreum, Acsculus 

bfsidr, ^ no natural grooves_ of deodar, and other conifers 

eodara Loud., planted on the China ridge are Abies pindrow Spach., 
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Picea smithiana Boiss.j Pin is excdsa YldXXn^Jmipems psmdo’Sabin^ 'EhcK^Juiperas commu- 
nis Limn.j 3 .nd Juniperas excelsa Brand,, Cupressus torulosa D. Don,, and Cupressus funebris 
EndL, are also not uncommon. 

Common shrubs are Rosa sericea Lmdl.^ Viburnum cotinifoliumf Viburnum foeUns 
Dcnc,, Cotoneaster acuminata LindL, Strobilanthes walichii Nces., Saiix eUgans Wall., 
Arundinaria spathijiora Trin., and Anmiinaria falconeri Benth, form dense thickets at 
some places. 


VEGETA riON ON THE OPENLANDS 

This type of vegetation is commonly found on the upland levels and hill tops, 
mainly at China peak, Lariakania and Dorothy's seat. The dominant plants are 
Anemone obtusiloba Linn., Aquilegia pubijlora, Artemisia paroifiora Wight., Anaphalis 
triplinervis Clarke., Fragaria vesca Linn., Gentiana argeniia Royle., Habenaria intermedia 
D. Don., Drosera peltata Sm., Polygonum sp,, Polygala cro talar lodes, Polentilla fulgens 
^Nz\\,,PotentUla^nepalemis Hook, f., Pedicularis pectinata Wall., Ranunculus laetus Wall,, 
Satyrium nepalensis D, Don., and Taraxcum officinale Wigg. 


VEGETATION ON ROADSIDES AND ON ROGKYGLIFFS 

The vegetation on the road-sides form a conspicuous aspect of the vegetation. 
After the rains the rocky-cliffs are completly covered with the vegetation, consisting 
mainly of bryophytes, mosses and angiosperms. Road-sides are also covered with 
thick vegetation of angiosperms and ferns. 

The common bryophytes that are usually found are species of Targionia, 
Fimbrlaria, Plagiochiasma, Riccia, Marchantia^ An hoems^ Reboulia, Notolhylas, Pellia, 
Durnoriiera etc. Prothallii of ferns are very common after the rains. Chief mosses 
found are species of Pogonatum and Fanaria. 

Angiosperms that are attached to the rocks arc Platystemma violaides Wall., 
Bergera ligulata Engel., Saxljraga brunmiana Walk, Tillea pentendra Royle. Sedum rosula- 
turn Edgew., Sedum adenotrichum Wall., Begonia amoe'ia Wall., Begonia picta Sm., 
Wuljenia amherstiana Benth. and Geranium sp. 

The road-side vegetation consists of the following trees, shrubs, herbs, 
climbers and ferns. 

Trees : Aesculus indica Hiern., (Pangar), Ac^.r pic'um Thuab., Cedrus deodara 
Loud., (deodar), funebris Eidl,, (Surai), Cupressus torulosa ^ Prunus 

padus Linn., Pinus roxburghii Sarg., (C'lir), Pierls ocalifolia D. Dan., (Ayar), Populus 
ciliata Wall , (Pahari pipal), Pinus exceelsa WalL, (Kail), Quercus incana Roxb, (ban), 
Qjiercus dilatata LindL, (Moru), Q^iercus semicar pifolia Sm., (Kharsu), Symplocos 
crataegoides Ham. (Lodra), Sarauja nepalensis DC., (Geu). 

Shrubs : Crataegus crenulata Roxb., (Ghingara), Cotoneaster microphylla Wall,, 
(Gheri), Callicarpa microphylla VahL, Cyalhula tomentosa Moq., Colqiihounia coccinea 
^3.11., Deutzta corymbosaBr, (Gugii), Daphne payraceae Decne., (Satpura), Hypericum 
cernuum Roxb., (Piunli), Hamiltonia siiaveolens Roxb., Inula cappa DC., Inula cuspidacta 
C\3vkc, ^ Jasminum humile hinn., (Jai), Leptodermis lancmlata Wall., (Padera), Sarcoca 
pruniformis. Spiraea canescens Don., (Mairala), Senecio r^ner vis Verbena officinalis 

Linn., Vitex negundo Linn., Wikstroemia canescence Meissm., and Z^nihoxylam alatum 
Roxb. (timru). 
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Hsfbs * AinslidBCt aptcTd DC,, Afstidtiii otbiciildid Roylc.^ AgtiMonid (^dpdto7kwi 
Linn., AnotiscalycinaEk.UAsier molliusciilus Wall., Asler aspmdns Anaphalis 

citiMtnoTnea CldLicht., Anciphdlis adnuta DC,, Ajugd bfddBosd WalL, AchyrdnlliM^^ (Lspctn 
Linn ATUdBind sp,^ BoBrnfiitighduscnich Rcb.;) BupUuttiin JdlcdiHui Iai\x\>^ huictu 

pilosaLinn.^BidenswallkhiiDc., Gardamine impatinos Linn., Croialaria sp,, Cmmlis 
mthriscus Scop., Campanula color ata Wall., Cynoglossum wallichii ik I)on., (knnabis saliva 
Linn., Comtnelina sp.^ Craniotome vjrsicolor Rchb,, Dipsaciis inc tints \^A]\.^^J)icllpicra 
bupUuf aides Erigeron linfoliusWAdi., Erigerori miiUicmlis Wall, 

Schreb., Fagopyrum cymosum Mcissn., Gypsophilla cerasiwidcs I). I)nn., Ctaanium 
wallichianumS\\\, Gerbera lanuginosa Berith., Galium sp.^ Indigocra Iris 
Don,, Juslicia simplex D. Don,j Leacas aspera Sprang. Lindtmbergia urtkljolia Lclun. Micro- 
merla bijlora Benth,, Nepeta sp.^ Polygonum sp,, Plectranlhus sp., Pimpinella sp., Plantago 
major Lmn., Ranunculus sp,, Rhyncliosia sp., Sonchus sp., Siegaheckia orientalis Linn.^ 
Salvia sp., Scutellaria sp., Stachys sp., Valleriana wallichii DO. 

Common climbers are Rubus lasiocarpus Sm., Rubus ellipticus Sin.. Clematis 
monatana Ham., Vitis himalayana Brand., Vitis divaricata Wall , and Rosa moschaia Mill. 

There are various grasses present, some of the common being Se/aria glauca 
Beauv., Setaria verticillata Beauv., Setaria italica Beauv., DigUaria cruciala Nc(’S , 
Miscanthus nepalensis H.2ick., Oplimenus undulataefolius Bcoinv., Andropogen natdns Linn., 
Kaelaria cristata LoiseL, Pannisetum flacidam Koen.^ Spodiopogon quadrinsrtns, Polknia 
mollis Hack., Apluda cristata Ez-ck., Avena asper Munro., Eragroslis nigra Nc(\s., and 
Festuca gigantea Vill. etc.. 

Ferns that are commonly found along the road sides arc Adiantum venuslutn, 
Cheilanthes dalhousiae^ Onychium muttisectum, Pteris excelsa, Ceropteris thalaclroides, Aspknium 
unilaterale, Aspidium obliqum, Aspidum falcatim, Nephrodium arisiatum^ Polypodium 
auriculaium, Poly podium membranaceim, and Botrycfdim ternatum. 


VEGETATION ON CULTIVATED AND ABANDONED WELDS 

The cultivated fields are invaded by a number of plants referred to as Wcnals. 
Most of these arc annual and occur in large numbers or in such close proximity 
with the cultivated crop that they cannot all be destroyed, tlierefort^ a ()]entirnl 
seed supply for the ensuing year is nearly always assured. The most common 
plants that are found are Linn. Ipomea heder acca \acq. Lactma so. 

and Polygonum sp. ^ ‘ 


A few tilled fields have been abandoned and left due to the top soil being 
washed away. The dominant plants that are found here arc Urtica parvi/lora Roxb. 
^erardima heUrophylla Dcnc„ Acliyranthes aspera lAnn. 'Polygonum pkbeium Be. Nicandra 
ph^(il^oidesQz.tnn.,2.ndDaturafasl^^^^ 


VEGETATION ON THE LAKE AND ITS BANK 

T;n„ wooded with Populus ciliata Wall., Salix bibylmdca 
sneciM indua Hiern., and Acers, Near the lake arc found 

nubigena D. Don., Carex remota Linn.,) Cyperus neveus Retz 
diiothiralosid^k atowm Ham., Polygonum sp.,Snnclm okraceous 

and RtimtY / r’ canadensis Lmn., Engeron alpinus , Erigeron linifoius WilUl. 

the lake ’is same aslhat of sur'- 


neteK indZus d , with PotamogeL.. 

g « tndtms Roxb., Potamogelon perfdiatus Lim., Nms 


major .'Mlioni., Hydrilla, 
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vertmllata Casp., and Mynophyllm spkatum Linn. In the shallow water of the lake 
Polygonum amphibium Linn, and Polygonum lapathifolium Linn, are commonly seen 
after the rains. 


SUMMARY 

1. Observation on the vegetation of Nairn Tal arc being presented in this 
paper. ' 

2. The climate, geology and biotic factors have been described. 

3. Vegetation has been classified into woodlands, uplands, roadsides, cultivated 
and abandoned field and the lake and its bank, 

4. Each type of vegetation has been given together wUh its fl )ristic composi- 

tion'. 
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OCCURRENCE OF RETORTAMONJS BLATTAE BISHOP, ENDAMOEBA 
BLATEAE BUTSCHLI AND MCTOTHERUS OVALIS LEIDY 
IN THE INTESTINE OF PERIPLANETA AMERICANA LINN.* 


By 

NARSINGH NARAIN 
[Received oa 10th Augast, 1939] 


iMraoDuarioM 

The intestinal protozoa of cockroach have been extensively studied in foreign 
countries, but literature reveals that little work has been carried out in India. 
Ghosh (1921) reported from Calcutta Nyctotherus ovjlis Leidy and two Balantidium 
species from the mid gut of Periplansta americana, Bhatia and Gulati (1927) also 
recorded from Lahore jV. ovalis from P. americana. 

In the present paper Relortamonas blattae Bishop, Enimoeba blatlac BUtschli and 
N* ovalis Leidy have been recorded from the intestine of P. amcricaaa* 

MATERULS AND METHODS 

Periplaneta americana were collected from dirty and dark places in various 
localities. Sometimes an entire colony, collected from a particular place, was 
found to be devoid of intestinal protozoan fauna. Tncy were kept in the laboratory 
in glass jars and lived for about a fortnight. The protozoan fauna, howewer, went 
on diminishing, till on the last day they had none. This may be due to their 
not relishing the diet, they were forced to live on. The intestinal contents were 
examined in normal saline. Intra-vitam staining was clone with very dilute 
s'^lutions of methylene blue and neutral red. The smears were fixed in ScliaudlnrPs 
fluid, corosive sublimate, osmium tetroxide and Ghampy’s fluid and stained with 
iron-alum haematoxylin, Dobell’s haematin (alcoholic) and Mayer’s hacmalum (in 
some cases counter stained with picro indigo ‘carmine). Schaudinn’s fluid as 
fixative and iron-alum haematoxylin as stain gave m^st successful results. M iyer*s 
hacmalum also proved to be a good stain. 




Retmtamonas blattae Bishop, 1931 

Geaeral DMcription : 

body SoIXf So"' Sa'“ro o”'" ■ "“f- ^bo 

rm, atc axaigg rouaiedaess m so.n; cases. It is flexible, 

of the University of for the decree of Djctor of Philosophy 
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. Nucleus 
~ BlephareplaSt 
y '^Orat pouch 
Posterior ilaaelhim 





Rctotiamonas bJaliae Bishop 

Fig, J. Front view, ihowing nucicu?, flagella and origin of lips of oral pouch. 
Fig. 2. Lateral view, showing large oral pouch and large nucleus. 

Endamoeha blaliae Bulschli 

Fig. 3. An entire animal. 

Fig. 4. Aprcc>slic stage. 

Fig. 5. A cyst. 
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i J J ind flexure, with the result that the wriest part ol' 

aiiterior end undergo^ torsio rounded but posterior always pointed, 

the body is in the middl . in lengtli (including pointed po.sterior end) and 

The specimeiis measure nart of the body. On one aide, bidow the nucleus, 

6 to 8 /I in width .j The anterior lip takes a darker .slain than the 

IS oral pouch ^ di^erence in the material of the two or in thickncs.s. 

posterior one indi a ^ situated two closely lying blepharoiila.sts giving 

On the penphe y oosterior flagellum is shorter and i.s confined to the. 

Sir K=iigb% S" ‘k- “-'“'P ('f) Oun;, 

he“bW length! The endoplasm is alveolar in structure and takes a light stain 
Sometimes it is darker at some places, and this may be due to the presence ol 
foreign bodies. The nucleus k at the anterior end, rounded or ova m shape. 
Immediately internally to the nuclear membrane on its periphciy is dark y staining 
chromatin, providing a thick rim ike appearance. In the centre of the nucleus 
is a darkly staining karyosom (figs. 1 & 2). The species descrdHid above clo.scly 

resembles with i2. Waito Bishop, _ although it is slightly larger m size.. liu.si,sthc 
ff. hlnii/ip. from India. 


Host and Logauty : 

The forms were obtained from the intestine of P. amerkma Linn., culiocted at 
Badshahbagh, Lucknow and Jalaun, India. 


ENDAMOEBA BLATTAE BUTSGHLI, ia7B 

General Description : 

£. blattae measure 34-80 7* in length and 32-73 in width. In living conditiim 
the pseudopodia are seen as one or two ectoplasmic blunt structures, transparent 
in nature. The nuclear structure is visible. Sometimes when the aino(d)ae are 
moving, striations on the body at*® seen. The cytoplasm apptaus to be more 
vacuolated than in the stained preparations. 

In fixed and stained specimens the body becomes roundtal in shap<\ (Jl<*ar 
transparent cytoplasm on the side opposite the nucleus represents pseudt^podium. 
In a few specimens it is distinct and looks more or less spin rical proirubcrancc 
from the body. Pellicle is not so thick as in live ones. Ectoplasm is hardly 1 to 
2 ju. in thickness. The endoplasm is granular in nature having many vacuoles. 
These vacuoles are transparent and contain food particles and bacteria etc. 
Nucleus is always on one side of the body and shows typical graei ic character 
ifigs. 3 and 4). Internal to the darkly staining nuclear membrane is a clear space 
all round. In the middle is fine reticular network. The area between this 
network and the transparent space is filled with darkly staining ehroinalin 
granules. These granules are very prominent on the outer pail of reticular 
network. They are nearly rounded measuring 18 to 20 in diauuUer (fig. 3). 
Figure 4 represents a precystic stage measuring 58 x 53 T he outer cyst wall 

has just been secreted. The nucleus is on one side with a furrow apjiearing, 
network reduced and chromatin granules more prominent and increase d in number* 
In some cases the network is very much reduced. The ev'^t wall is dlstinci and 
endoplasm has vacuoles in it. Figure 5 shows a fully formed cyst measining 40 /<* 
in diameter. The wall is darkly stained and the vacuoles and other food bodies 
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Fig. lO. Cyst. 


I 25 1 



are not seen. The nuclei are from 12 to ^2 ani are seen at one side. The 
central area of a nucleus is darkly stained. 

The present species was compared with the known species of the genus 
Endamoeba. It closely resembles E, blattae Biitschli (see Kudo, 1954). This is tlic 
first record of -S. from India. 


Host and Locality 

The amoebae were obtained from the intestine of F. a nanca/za Linn, 
at Badshabbagh, Lucknow and Jalaun, India. 


collcotad 


NYCTOTHERUS OVALIS LEIDY 


General Description : 


The peristome, which starts at the anterior end of the hi-idu ^ iii ^i . i r i 
anterior extremity turns towards rJutif j the 

may be homologou lo the ‘‘slendr. h.nd f ^ 7). TlnH 

Kirby (1932). On the anterior Wr ^ structure” of N. nlvalrianns 

Parallel to the wall of cytopharynx two orX^e^fih*^^ cytopharynx arc large cilia, 
the undulating membrLe l[ coJ^nuL in /“'J transversely constilutiag 
region of the body. WitndinaT Sv r as anterior 

On the sides, cilia Lasure° 2 to 3 M bnl tTc '><*<'>'■ 

IS thick and transparent, and its structure could^ n V ‘‘‘^'•''Plastn 

presence of rows of cilia. The endonln^m ; ^ ^ «tit due to the 

IS alveolar in nature and transparent.^^Ms Jf brL''^h'’''T '»mleu.s, 

refractive index. This may be due to tL ^oth^Wn r and has a d.irere.u 

stated by Kudo. The eLoplasm posteriJ t,rth“. l>‘>dirs as 

granular in nature, containing some Foreiu-n • i riudeus is darkly staia<‘d 

^7 the invagination of ectodasm'^^Go *s tcnninal 

single or multiple, the shape bein=^ ronndnT n , '^ttcuolc is large 

IS seen between two contractile vacuoles (%.% 7). Sometimes a canal' 

‘’“J ‘ike, extendins from „„e e„.l 

iTnlaiM'-S' err- S'“SS 

an sizes ot spherules are presmt th,> / • ’ this might be true hee-,, 
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Kudo, these fibrils are replaced by ectoplasmic membranes. Ten Kate (1927 ; 
1928) studied fibrilar system in species of Opalinat Nyctotherus and other ciiiates. 
According to him cytopharynx and nucleus are also connected with these fibrils. 
He suggested morphonemes for them, since he believ-ed that the majority were 
form^retaioing fibrils. Generally the micronacleus is spherical, but when pressed 
becomes oval. Mostly it is on the anterior part of the macro-nucleus, but positions 
may vary. It measures 4 to 6 in diameter and consists of nuclear membrane 
and a darkly staining central mass. It stains faintly in comparison to macro- 
nucleus. 


Morphological types : 

Based on the structure of the karyophore, its frontal lamina and the neuro- 
motor apparatus attached to the cytopharynx De Mello (1934) and other workers 
recognised three morphological types : (A) Those with micronucleus separate from 
macronucleus, and anal groove simple, (B) those with micronucleus embedded in 
the mass of macronucleus, anal groove with one border protruded into a nipple- 
like point and (C) a transitional type with nuclear apparatus as in (A) and anal 
groove as in (B), Besides these types I have found, as shown in figures 8 and 9, 
two more types : (D) micronucleus posterior to the macronucleus (or^ below it), 
with simple anal groove and transverse cytopharyngeal tube and (E) micronuclcus 
separate and anterior to macronucleus and longitudinal cytopharyngeal tube 
opening into contractile vacuole. 

Cysts : 

They are 50 to 60 long and 40 to 45 ^ wide. Operculum is present on one 
side. The outer cyst wall is tougher than the inner cyst wall and is more darkly 
stainable. Interiorly in half of the cyst (away from operculum) there are alveolar 
structures probably representing glycogen. A nucleus is also present. The rest 
of the inner area is transparent, particularly in the middle, and this may represent 
future cytopharynx and peristome as stated by Lucas (1928), 

The species described above appears at the first glance, to bear some contrasts 
with N. ovalis Leidy. A careful examination reveals that all the dijfferences are only 
minor morphological ones. Their internal organization arc indentical. In the 
present account some new details, not worked out so far, have been added. 

Host and Locality 

The ciiiates were obtained from the intestine of P. americana Linn., collected at 
Badshahbaghj Lucknow and Jalaun, India and ^Gryllotalpa africana Bcauvois, 
collected at River-banks, Lucknow, India. 

SUMMARY 

The occurrence of RctoTtaTYiofids blattciB Bishop, Enddtnocbd blattac Butschli and 
J^yctotherus ovalis Leidy in the intestine of Periplaneta ameYtcana Unn , has been 
recorded. The host insects were collected at Lucknow and Jalaun, India. I he 
former two species have been reported for the first time from 
details, not wojkcd out so far, have been given in the description of Af. ovalis Leidy* 

^ ovalis recovered from the intestine of G, africana, are^ identical with those obtained from 
P, americana ; the only difference is that the former is slightly smaller in size. 
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CnEGARlNE PARASITES FROM THE INTESTINE OF PERIPLANETA 
AMERlCAh^A LINN., GRLLLODES MELANOCEPHALUS SEEN. AND 
G. SIGILLAJUS WALK.^ 


By 

NARSINGH NARAIN 
[Received on 10th August, 1959] 

I NTRODUGTION 

The genus Gregarina was created by Dufour in 1823 and since then thirty-two 
species, belonging to this genus, have been described by various workers from the 
gut of Arthropods. The genus Lsidyana was created by Watson (1915). At present 
three species of this genus are known. 

In the present work Gregarina blattarum SiebolJ from Periplanata americana Linn., 
G. oviceps Diesing from Gryllodes melanocephalus Serv. and Leidyana erraiica Crawley 
from G. sigillatus Walk, have been recorded. 


MATERIAL AND METHODS 

The common cockroaches, P. americana Linn, were collected from various 
localities in dark, shabby and dirty places. Sometimes the cockroaches collected 
from a place did not harbour any protozoan fauna. In addition to the gregarines, 
species of Nyctotherus, Endamoeba and Retorlamonas were also present in intestine and 
colon. The infection of gregarines was rare and only a few specimens were obtained. 
Gregarines were present in 1 out of 100 host insects. 

The crickets, G. melanocephalus Serv. were collected from fields and crevices and 
were found to harbour only gregarines in their intestine. The infection was heavy 
and atleast 50% of the insects^ dissected, possessed these parasites. 

The house crickets G. sigUlatus Walk were collected from the houses. They 
were found to be in abundance in corners and crevices of the kitchens of the College 
hall. Some of them were present in my room in the lower part of the almirah in- 
side the waste papers, A few of them were collected from corners and crevices at 
Jalaun. 

The parasites were observed in living condition in normal saline. The 
movements and body pigments, to some extent are helpful in the identification of the 
species. 

The specimens were fixed in Schaudinn’s fluid, Ghampy’s fluid and 1% 
osmium tetroxide and stained with Mayer’s Iiaernalum (sometimes counterstained 
with picro-indigo carmine) and iron alum haematoxylin. Schaudinn’s fluid with 
both the stains gave successful results. 

Family Gregarinidae Labbc 1899 


*The present work is a part of the thesis, accepted for the degree of Doctor of Philosophy of the 

Umversky of Lucknow. 
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Gregarina blatlarum Siebold 

1. An entire animal. 
Gregarina oviceps Dicsing 

2. An entire animal 

3. Cyst. 

Leidyana erratica Crawley 
Fig. 4. An entire animal 
F’ig* 5. Cyst. 
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OBSERVATIONS 


Gregarlna Wattarem SieboM ; 

Siebold reported G. blattarum from the mid-gut of cockroaches, specially Blatta 
orienialis. The reproduction of this species has been described by Schiffmann (I919j 
and the chromosome cycle by Sprague (1941). 

General description : 

The parasites are 325-340/^ in length and 143-152/* in width. In the living 
condition they are biassociative forming a small syzygy. They are thick and 
cylindrical in shape. Glycogenic food in deutomerite gives a pale appearance. 
The primite is slightly tapering towards both the ends of the body. The widest 
part is at the anterior l/3rd of deutomerite. The ratio of the length and width of 
the body varies from 2*2 to 2*3. In the specimens studied, epimerite was not visible. 
In primite protoraerite is triangular in shape, rounded at anterior end and measures 
about 60 /* in length and 90/* in width. In satellite the length is 40 to 50 /* and 
width about 100 /*. In the latter, there is a concavity at anterior end, the general 
surface is flattened. The contents are homogeneous. At the base is a thick septum. 
Deutomerite is nearly five times the length of the protomerite. The primite and 
satellite are cylindrical in shape. The posterior end is more rounded in satellite. 
Contents stain deeply in comparison to those of protomerite. Nucleus is rounded 
in shape, occupying in some cases anterior and in others posterior position, 
(fig.l) 

The species described differs to some extent from G. blattarum Siebold only in 
the size of the body (see Kudo, 1954). No cysts or spores could be found. This is the 
first record of a Gregarina sp, from P. americana from India. 

Host and Locality : 

The parasites were obtained from the intestine of P, americana Linn., collected 
at Badshahbagh, Lucknow, India. 

GREGARINA OVIGEPS DIESING, 1859 

General description : 

Sporadins are associated in two. Syzygy of upto six gregarines attached 
:ogcther was observed in living condition. 

The parasites measure 195-276 /* in length and 95-160 /* in width at the widest 
part of the body. The body is stout, the satellite slightly smaller than the primite. 
The shape is sometimes oval, sometimes elongated as shown in fig. 2. Posterior 
md of the body is always rounded, looking like the pointed end of an egg. Size 
;iven by Watson (1916) is upto 500 X 250 /*; forms examined by Bhatia and Setna 
1924) were shorter and narrower. Ratio of length and width of rhe body is from 
/7 to 2*0, though in some it is T4. Epimerite was not observed in any ol the forms. 
The length of protomerite is 40 to 78 /* and width 60 to 95 /*. The ratio of the 
ength of protomerite to total length of primite is from 1:4 to 1:5. Watson (1916)^ 
bund this ratio to be 1:3 and Bhatia and Setna (1924) as 1:4 to 1:5*3, Ratio ol 
he width of protomerite to the width of deutomerite is 1:T5 to 1;T7, According to 
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WatsoE(1916) it is 1:11. In satellite protomerite is somewhat longer and in primite 
flat and much wider and looks hemispherical to subglobosc. The ratio between the 
length and width of protomerite is from 1:1*2 to 1: 1*5. The contents arc tra.asparcnt 
in nature. Deutomerite is stout, the ratio of its width to the length being i: 1*2 to 
Its width is always more than that of protomerite. A distinct sepiiim is prexsent 
between deutomerite and protomerite. The outer wall stains darkly and ectoplasm 
is transparent. The inner contents take a dark stain. Nucleus is sometinicis spherical, 
sometimes oval in shape. It is about 35 in diameter » having a clear nncicar 
membrane and chromosome coiled inside. The shape of single chroinosornc is like 
in some forms. Cysts are spherical, about 95 ^ in diameter. The cyst 
membrane is transparent and is about 10 thick. It is followed by a darkly 
stained layer nearly 2 thick. Inside this spores and nuclei are present. Three to 
four sporoducts have been found. In fig. 3 probably spore formation has not 
advanced and hence the sporoducts are small measuring upto 40 /K 

The species here described is somewhat shorter in size than G, ovkep Dicsing 
as was also reported by Bhatia ana Setna (1924) from India. The cyst is also 
smaller. Syzygy of upto six gregarines was observed. At first glance this species 
looks like G. ripda Hall, but differs from that in having less number of sporoducts 
and no epimerite. 

Host and Locality : 

The specimens were obtained from the intestine oi Gryllodes melanocephalus Serv. 
iollected at Badshahbagh, Lucknow, India, * 


llCiA UtCAWLJltiX 

General description : 

In the living condition the specimens arc flat or slightiy cyiindricai moving 
paraUel to the surface. The protomerite is transparent but deutomerite contains 
some blackish brown pigments. Sporadins are solitary, with anterior end .slightly 
pointed and posterior always rounded. The widest part of the body is a little 

protomerite and deutomerite. The grcg.udae.s me.isurc 
w r to 85 in width. The ratio’ is nearly fl-,;! 

found maximum length and width to be 500 X 1G0)U. Kiumeritc w 
^ ^ ^ ^ anterior tip. Protomerite at the 

n^rf^r^ tapering but still rounded. Slightly posterior to its mid 

Kesent narrowing posteriorly to a point, where the .septum 

nS aft tt*‘ -a ^ u part of protomerite takes stain. It i.s about 4B /Moai^ 

and 48 /* wide at the expanded part and ratio to the whole body is 1:5. l).-utomerite 
IS nearly four times as large as the protomerite. The pellicle smins d irklv - i 
ectoplasm IS more or less transparent. The contents of the deutoin-ritc arc stained 
deeply Nucleic is in the anterior half of the body mcasurin-r ioto 12 /* h'l dVa 

me er (fig. 4). The cysts are oval and are 195 X 120 Mn XSskm The ,u 1 a- 
cyst membrane is thick, measuring 90 tr> 9‘t u mu unnensums, i lu, outa 

cyst. Only one sporoduct could be feen (fig 5^ 

Host and Locality : 
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SUMMARY 


^ Three species of gregarines, namely, Gregarine blattarum Siebold from Periplaneia 
ameruana Linn., G. oviceps Diesing from Gryllodes melanocephalus Serv. and Leidyana 
erratica Crawley from G. siglllaius Walk, have been recorded. G. blattarum and 
L. erratica have been recorded for the first time from India. 
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ON THE STING APPARATUS OF POLISTES 


R. D. SAKSENA 
Balwant Rajput College^ Agra 
[Received on 1st October, 1959] 

INTRODUGIION 

The present paper presents an account of the sting apparatus of Polistes. The 
complicated sting apparatus is a modified form of simple ovipositor. Works of 
Nelson (1918), Grampton (1919) and Snodgrass (1930-33) elucidated the true nature 
of the sting apparatus in honeybee and certain other Hymenoptcra. According to 
the views of Snodgrass, only higher members of Hymenoptera such as bees and 
wasps, possess true sting, which in the lower forms, is represented by the ovipositor. 

MATERIAL AND TEGHNiaUE 

The adult wasps on wings were caught by nets and killed in cyanide bottles 
Dissections were performed under a binocular microscope under normal saline 
soon after killing. The dissected material was stained in hacmatoxylin-cosin or 
borax carmine, which stained the soft parts nicely. Dehydration was done in the 
usual way and the material was mounted in balsam. 

OBSERVATIONS 

The sting (st.) represents the female ovipositor which is structually changed 
and adapted for carrying out the entirely different function of stinging. It no 
longer takes part in the process of egg-laying. It can be protruded or retracted by 
the action of the muscles. 

The portion of the sting which is generally seen projecting at the terminal 
end is a sheath (Pis. I, Fig. I, Sh.) which protects and encloses two triangular 
needles, the lancets (let.). The sheath may be called the director and in wasps it 
penetrates into the body of the victim by means of an extremely powerful muscle 
inserted on a special tri-radiatc sclerite (Tri. Sc,), The two arms of this scleritc 
articulate with two facets one on each side of the base of the sheath. The two 
sets of muscles arising from the base of the inner surface of the second valvifcr or 
the oblong plate (pi. I, Fig. I, ob. pi.) work the director. The points of articulation 
between the arms of this small scleritc and the groove in the sheath (/<;), act as 
fulcra. The act of piercing the sheath into the victim is the direct result of the 
contraction of a pair of muscles {Add Sh,). These originate from the inner anterior 
surface of the second valvifcr, and arc inserted of the two arms of the triradiatc 
scleritc. As a result of the contraction of this muscle, the arms arc pulled posteriorly 
carrying the sheath in the same direction. This would naturally force the sheath 
into the victim's body. A few bundles of tins muscle run in between the apodeme 
of the valvulac (&/.) and the distal end of the arms of the triradiatc scleritc. The 
insertion of these muscles on the arms of the triradiatc scleritc is extremely 
interesting. The more anterior is the oiigin of the fibres, the more dorsalis 
their insertion, hence those inserted on distal ends originate most posteriorly from 
the base of the valvifcr. To the dorso-latcrally compressed ridge of this scleritc 
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' is inserted laterally a pair of muscle, {Ret, Sh.) (one on each siilr) whicdi, 
from that portion of the inner margin of the second vaivifer which lies just venirai 
to it. Hence their contraction pulls the dorso-latcrally coiri|')rcHscd ciosetr 

to the sheath resulting in an anterior movement of the winkle af^paj-atus. That 
is how the sting is withdrawn from the victiitds body, 'riic muscle in fjmss- 
tion is extremely powerful and the scicrite highly chitinous, which lrav('s no 
possibility of the sting being detached from the insect unlike honey hcc. 

The director or the sheath is sharply pointed posteriorly. 'Flic upper ?uirra.cc 
is cylindericaliy round and the lower one has a deep groove. The whole siructurc 
appears to be a conical cylinder with a slit running longitudinally all round its 
length. The two dorsally diverging curved arms at the posterior end connect tlic 
sheath to the second vaivifer. The edges of the ventral groove of the director arc 
inwardly curved (pi, I, Figs. 5, Cm. sh,) and they form long slots along wliich the 
outer ridge of the lancet comes to lie. The posterior portions of the lancets or 
needles also possess a groove (fig. 4) to fit over the slot, and can, therefore, fredy 
slide over it in anterior and posterior directions. The arrangement of artieulation 
is so eflScicnt that the needles can not be separated from tiic sheath quite', easily. 
The lancets arc long and they curve dorsally at the posterior cud ruaning in clo»e 
proximity with the arm of the sheath. Like the director they also rurrt a, train-, 
gular plate, the 1st vaivifer which posteriorly articulates with the (|uaclraie plate. 
At the posterior end the director is enlarged and its groove is widcanxl ; the nr,<a!les 
become free from the inturned margins of the shcatli and immediately afou" 
wardsthey curve dorsally and outwardly. The needles are almost i\mr sided 
and are hollow each bearing canal for the passage of poison (pi. 1, Fig. 5, Let. Tlie 
canals are gradually changed into furrows at the posterior ends. 'Fhese lurrow.i 
of both the needles, facing erch other, form a canal at tlic postciior end when 
they come to he adpressed to each other. At their posterior aiuces ihrv are 
serrated and acuminate with six teeth (fig. 3). Between the sliarp Imnd of the 

sac, the female genital canal into which oi)nns 
thc v^agina* A small tramgular chitinous plate the first vaivifer (vlf. ii Is found 

one (ci/.m 1) arises from the outside of the quadrate plate and anotlu-rh?)// 
muscle from the inner surface of the quadrate. These operate in will, the 
•a ^ sheath. Another small muscle {vlf. m 3) oi k-inatrs on rithrr 

me case ot the sheath. This muscle assists in with-drawinir th<' shr-uh m/o. . 
injecting the poison. A huge muscle {vlf. m 4) originates from il.c iuni'. 1 ud , ' 

the quadrate plate and IS inserted on the aoodenie at tlu*' r 

which is operated by this muscle. at the b.vse ol the .sung palp, 

thin peritoneum^of flat Lfls ?pl It is internally lined l,y a 

the ventral side. (P>- I, VII, Fig. I). A stout poison duct arise.s from 

its scCTetion by m^t?s of aSftube wS'^^^tVtFe'''’^ f 

It. T 1 . 1 C V- . . the p(‘iS(Ki du^ and open.n 


^ IS tnc alkaline gland and is — '' ii-'* wita 

pouon remaining within the poison-sheath 5tcr’stinging'!'^^’^“ 
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EXPLANATION TO PLATES 
Plate I 
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I . A dorsal view of the musculature of female genitalia. 

Ae sheath showing the articular facet for the tri-radiate plate; 

3 . The dentate tip of the lancet. 

A diagrammatic_ section of the middle portion of the lancet. 

A transverse section of the sting. 

A transverse section of the acid gland (under low power) 

A transverse section of the acid gland (under high power). 

A transverse section of the alkaline gland (under high power). 

A transverse section of the alkaline gland (under bw Lwer). 


sensory 


i .IJbKlING 

curved m^r^n^KToshraJh’. = basement membrane ; CmSh- 

»cleritearticmlaL Gh;p-’gHndula^^^^^^^^^^^ t"-radfa,e 

Pdm: muscles of ihe poison duct Rc^ Per, ; peritoneum ; Pd : poison duct ; 

sensory peg ; Sh : sheath • Tri Sr • tn'Vn draw in the sheath of the sting ; ,Scn. peg • 

valvifero';tblongpiT;^l£L^^-«„r^^^^^^^^^^^ or va.vula ; Vef: se^o^d 
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the internal lining of the dilated portion is composed of columnar cpithcliai 
eells> which form a large number of villi. A thin basement inetnbranc surrounds 
the gland all round followed by scattered fibres of longitudinal muscles. 

A large number of peg-like small stout hairs arc found growing on the outer 
side of the curved portion of the lancet and also on the anterior margin of the 
sheath where the tri-radiate plate articulates, (pi. I, Fig. 2. WfS / a?/;.), Tlicsc arc 
probably sensory in function. 

The poison gland consists of two long thin and highly ermvoluted tlircad-likc 
structures lying in the^ mass of the fact body on the right and left sides and arc 
often mistaken for Malpighian tubules. Their terminals arc comparatively thicker 
and glandular, while ends, meeting the poison sac, are extremely slender and 
diflScult to detect. They open into the anterior end of the poison-sac from the 
posterior end of which, the poison duct takes it origin. 

The alkaline gland is made up of large sized elongated cells; which line 
the whole cavity. Mostly there is only a single layer of cells. A thin periUmeum 
forms another coating. 

In most other stinging insects the sting breaks in the victims^ wound and ihey 
die as a result of the injury. In the wasp under study, the musculature is hitddy 
developed, hence^ the sheath with all the appurtenent structures is ultimately with- 
drawn from the victim. Thus, in this case the sting apparatus is not detiiched from 
the body and the animal does not die. It is, however, interesting to note that the 
wasps generally do not live if their stings arc cut olF artificially. 
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ON THE RESPIRATORY SYSTEM OF POLISTES 


By 

R. a SAICSENA 
Balwant Rajput College, Agra 
[Received on 12th October, 1959] 


INTRODUCTION 

Although the tracheal system of insects has been much studied, knowledge of 

its sturucture in wasps is scanty. The present investigation is an attempt to give a 
detailed morphological account of respiratory organs in Polistes hebraeus, the common 
yellow wasp. 


MATERIAL AND METHODS 

The wasps are captured on wings and killed in cyanide bottles before dissection. 
The tracheal system was studied in dissected specimens. The freshly killed insects 
were fixed on wax and were dissected under binocular dissecting microscope. 
Various established methods of studying the tracheal system were employed, 
was found that slightly warming the freshly killed specimens, before fixing on paraifin 
gives best results. The tracheal tubes and air-sacs appear white and glossy because 
of being distended with air. 


OBSERVATIONS 


The tracheae open outside the body by means of ten pairs of spiracles, two in 
the thorax, one in the propodaeum, and the rest in the abdomen. Internally the 
tracheae branch into many minute tracheoles, which penerate the tissues of the 
body. 


The Spiracles. Out of the ten pairs of spiracles; enumarated above those 
of the thorax are hardly visible externally because they open in a special inter- 
segmental chamber. The prododcal spiracles and the first two abdominal ones are 
prominently visible. The rest are hidden underneath the posterior free margin the 
of preceding segments and can be easily seen by slightly stretching the abdomen. 
The tenth spiracle cannot even then be seen in females as the eighth tergite, 
which locates it, lies concealed owing to the tclson completely enveloping it. 


They lie in a row on the sides of the body# The lateral margins of the terga 
of the abdomen are perforated by the spiracular apertures, while the thoracic 
spiracles open in the intersegmental membrane. 


The first thoracic spiracles is situated a little anteroventral to the base of the 

first wing in a furrow in between the mes-cpimeron and the mid-lateral process ol 
the posterior margin of the prothoracic scutellum (pi. 1, rig. 9 ^P* )• ^ ^ 

ccalcd underneath this flap which is slightly more chitinised forming an 
The marginal apodeme has a brancti running inwards (x. 16). Another apode i e 
runs for a short distance in between the marginal apodeme and its branch (pi. 1, 
Fig. 5, X. 17). 
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EkPiANAtlCf^ OF PLATfeS 



Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 
Fig. II. 
Hg 12. 
Fig. 13. 


*ew of the thoracic scleriie showing the location of first and sccoiid spiracle. 
A diagrammatic sketch of the first thoracic spiracles. 

A longitudinal section of the first thoracic spiracle. 

An inner view of the second thoracic spiracle. 

A diagrammatic sketch of the inner view of the first thoracic spiracle. 

A lateral view of the propodeal spiracle. 

A cross section of the propodeal spiracle. 

An inner view of the second thoracic spiracle. 

An inner view of thepropodeal spiracle with the its musculature in an opettci con<litio. 
An inner view of the closed propodeal spiracle. 

A lateral view of a typical abdominal spimele. 

A cross-section of the abdominal spiracle. 

An inner view of the abdominal spiracle. 



An apodemal loop is thus formed in which the operculum and the trachae are 
lodged. On the ventral side, the marginal apodeme has again given out a small 
branch (x. 18) from which originates the spiracular muscle, (pi, I, Fig. 5, sp. m. 1). 
If the process is dissected out and removed a chitinons cresent shaped light brown 
operculum is seen (figs. 2, 3, & 4. op.) covering the opening of the spiracle. The 
operculum rests against the inner surface of the tergum and forms a sort of upper lip^ 
while the lower lip is formed by a narrow and very slightly cuticular margin of the 
trachea. The operculum is worked by means of a tender spiracular muscle inserted 
on its outer margin which originates from the ventral branch of the marginal 
apodeme on the inner surface of the protergum. When it contracts, it presses the 
upper lip against the lower so as to close the opening of this spiracle which looks 
like a half closed slit. Slight change in the curvature of the posterior margins of the 
pro-scutellum affects the opening and closing down of the spiracular aperture. 
The atrium (fig. 3. Atr,) is membranous and into its anterior portion the tracheal 
trunk opens. The spiracle does not directly open outside but in a small chamber 
formed by the invagination of the intersegmental membrane. The chamber opens 
out in the furrow between the posterior margin of proscutellum and the mesepimeron. 
This spiracle is oval in shape with its longest diameter vertical. The position of 
the spiracle is clearly marked out owing to the absence of yellow pigment in this 
area. 


The second spiracle lies in between the upper ends of the mesepisternum and 
the metapleuron (pi, I, Fig. 1, sp 2). It is situated on a special sclerite or peritrernc, 
which anteriorly articulates with the subalar process of the mes-epimeron and 
posteriorly with the dorsal margin of the upper plate of the metapleuron. It thus 
comes to lie in between the bases of the fore and hind wings. The Perilreme (fig. 

8. prt.) is a subtriangular small sclerite rounded at its posterior apex. The anterior 
margin is curved inwards and forms two ridges or apodemal processes (Fig. 8, x. 19) 
between which the operculum is hinged. The spiracle very closely resembles the first 
thoracic structurally. Here again the spiracle opens in a chamber of the inter- 
segmental membrane and the opening of the spiracle is concealed underneath the 
peritreme. The second spiracle is quite prominent and is slightly smaller than the 
first. It is not small and indistinct as in honey bees. Like the first spiracle a 
small muscle controls its opening. 

Propodea! spiracles. It is the largest pair of spiracles (pi. I, Fig. 6.) over the 
body which lies exposed on the aatero-lateral mirgin of the propodeum and looks 
like a compressed oval aperture. The anterior margin of the spiracle is raised into a 
lip (Fig. 6 Al. sp,) which covers its slit - like opening. The posteriar margin of the 
spiracle is raised externally and internally to form an external and internal lip 
respectively (Fig. 7, p. 1. s. p. and II sp). The opening of the spiracle is closed by 
means of a valve which is controlled by a muscle. Tbe valve possesses a cuticular 
arch (Figs. 9 & 10 cu, ar,) attached to the posterior lip. It fits over the spiracle and 
lies closely adpressed against the inner anterior lip and closes the spiracular aperture. 
The valve possesses a broad triangular darsal (x 20) and a smaller club-shaped 
ventral piece (x. 21), which are joined together by a narrow cuticular arch. A small 
muscle {spm,) which originates from the inner surface of the propodeum is inserted on 
the dorsal triangular sclerite of the valve and the same muscle is continued forward 
to the ventral club-shaped sclerite also. Hence any contraction of the muscle 
increases the curvature of the arch formed by two pieces of the valve and closes the 
spiracle : its relaxation on the other hand decreases the curvature and the spiracle is 
opened. 

The abdominal spiracles are situated on the lateral sides of each tergum 
up to the eighth segment. The first six abdominal spiracles are visible on the surface 
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PLATE 11 

Fig. 1. A dorsal view of the tracheal system. 

Fig. 2. The tracheation of the vertex. 

Fig. 3. A trachea showing the taenidia. 

Fig. 4. A portion of an air-sac with origin of trachea . 
Fig. 5. The tracheation of the last abdominal ganglia. 


LETTERING 


Abd. S-; 
strium; Ger. S- 
air-sac; Epm— 


posterior lip of the propodeal spiracle; Ppd. sac— propodeal air-sac; Ppd. Sp -propodcal ^pl^a^!^; Pri - 

prothorax; P. T. S. prothoracic spiracle; Set — scutcllutn of prothorax; vSp “-;ipii‘aclc, vSp2 oik I .‘ipii.iclc; 

Spm—spiracular muscle; Spp— spiracular plate; Tae— Tracheal 'ractiulia,; Tra— trachna; liw. .Spin - 

tracheO'Spiracular muscle; Ir.t. tracheal trunk; Upmp — upper plate of iriciapleiu'oa; X lii -hraiu h ol ilie 
apodeme anleroelatral margin of proscutellum; XH—the apodeme oi the lirsi .spiracle; XIH -veutral 

apodemeofthefirst spiracle; XI 9— mapodemal process of the peritrerne; X 20 —triangular i> ece oi the 
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but the laHt pair on the eighth segment is concealed by the enveloping telson. All 
the abdominal spiracles have narrow slit-like openings with the anterior margin 
slightly covering the posterior (pi. I, Fig. 11). This opening leads to a chamber 
(atr,) having chitinous walls and membranous bottom from which a tracheal tube 
originates, fhe posterior wall is very high and forms a large portion of the 
chamber; the anterior is simply like a ridge where the membranous portion of the 
chamber is attached and it looks like an outer lip (fig. 12). The outline of the 
chamber can be easily seen through the transparent body wall. The abdominal 
spiracle resembles the propodeal spiracle closely in structure. The opening of the 
trachea into this chamber is guarded by a two-piece- valve as in the propodeal 
spiracle, A similar muscle attachment opens and closes the opening of the trachea 
to allow or disallow communication between the atrium and the cavity of the 
trachea. 

Tracheae. The body of the wasp is full of air sacs and tracheal tubes. These 
extend throughout the length of the insect on both sides and receive numerous 
bi'anches from the various organs, body wall and the spiracles. The air sacs are 
interconnected by means of transverse vessels dorsally as well as ventrally. In each 
segment there is generally a large air sac or a dilated portion of the tracheal tube 
with minor sacs, which supply the neighbouring organs. The tracheae divide and 
sub-divide into very minute tracheoles and enter the cells of the tissues. From each 
of the thoracic segments large tracheal trunks lead to the legs and to the wings. In 
the head, branches of trachae supply the eyes, antennae and various mouth 
parts. 


The trachea of the wasp (pi. II, Fig. 3) is a very thin walled branching tube 
which is thickened by means of chitinous bands, wound spirally within the tracheal 
cavity. Two taenidia (Fig. 3, form the spiral in an anti-clock wise direction. 
This spiral is covered over by means of a transparent membrane of epithelial cells 
and lined by an exteremely delicate intima which sometimes shows a lightly striated 
appearance. The trachae are slightly flexible and do not collapse. The air sacs 
are made up of thin transparent silvery white highly elastic membrane (Fig, 4). 
When expanded an air sac acquires an enormous size but it is reduced to a small 
sac in the collapsed condition. There are no taenidia present in the air sacs. The 
inner wall is also often seen to possess folds of intima. The air sacs may be, therefore, 
considered as expanded trachae without the taenidia. They vary in size from very 
small vesicles to huge bags. The constant expansion and contraction of the abdomen 
brings about a change in the volume of these air-sacs and also in the pressure within 
them. This change brings about respiration. 

Air sacs. There is a heavily branched system of air-sacs with very thin and 
distensible walls. Minute branches from these pass through the muscle bundles 
and salivary glands making the whole system extremely complicated. Two large 
thick tracheal trunks (pi. II, Fig. 1, Trt) enter the neck and head from the antero- 
lateral side of the prothorax, and lie in between the dorsal and ventral portions of 
the large prothoracic sacs. These tracheal trunks join in the cervical region and 
form a cervical sac {Cer. 5). Posteriorly each of them bifurcates, one branch runs 
along the antero-lateral side through the salivary gland and leads to the first spiracle; 
the other, which is comparatively a smaller branch, joins the prothrocic sac. The 
two prothoracic sacs (fig. I, P. T. 5.) also meet masially in a small dialatation and 
many minute tracheal tubes arc given off from this junction, which traverse post- 
eriorly underneath the longitudinal muscles and are lost in the meso-thorax. A very 
minute long trahea also runs in the middle line and passes through the salivary 
glands. A branch from each of the prothoracic sacs joins a median transverse 
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dorsal sac {Dor*S) lying under the meso and meta-thoracic tcrgitcs. From the 
ventral portion of the pro-thoracic air sacs ; branches are sent ,to tlic front 
musclesj oesophagus, etc., and also a pair of small branches to the second tloracic 
spiracles. These sacs are further continued laterally into a large propodeal sac wlsicii 
occupies the whole of the propodeum and lies under the postscut(dlar plate. 

The transverse sacs lie under the mesoscutellum and oiKi ui tlie incsoiioluin 
which opens laterally into the big ventral propodeal air sac. 

The cervical sac is continued into a frontal sac, a pair of inaiidibulars and a 
labial. A large sac also lies under the vertex. 


From the propodeal sac a pair of prominent tracheal tubes arise which pass 
through the petiole and meet a pair of huge tracheal sacs, one on either side of the 
third abdominal segment. They are interconnected by means of a small bran 
which lies dorsal to the crop. In each of the following segments the lateral trachem 
trunks are dilated into sacs which gradually decrease in size. From cacti of thc'sc, 
branches are given off to the spiracles, fat bodies and the organs lodgcul within ihc’ 
respective segments. It is remarkable that the trachac do not originate simultamaiusly 
from both the sides. In the third segment four trachea arise from the left sac (loi‘sally 
to the ovarian filaments or testes which are kept in position by being cncirchNl by 
one of the branches. A number of branchcsarismgfroinvaritnissiirfacr.Mjrtlu*; 
sacs also supply the ovanoles. Occasionally smaller sacs arc given olf fro a ihr^v 
dorsally or ventrally. In the fourth segment the sacs arc slightly dilated and 
branches lead to the proventriculus, ventriculus and the genital orgims. In tie: filth 
segment branches go to malpighian tubules, gut and other organs. In tln/sixiii 
segment the poison sac, the acid glands etc. are supplied and in tlic tvm of iPf' 
segments trachea go to the organs of copulation. The lateral tiilics in do: <d>duii 
segment end in minute branches after giving a stout branch to tlu^ cd'‘duh 
spiracle, ' “ ' 


vui organs including muscles, nerves, heart brain and mouth pa, i ts arc vvxv 

tTS I""?? tnidmolrs so as 

ll*c nervrs into thn 

substance of the salivary glands and muscle-bundles. 


tViA ; lateral tracheal trunks are dilated in each segment 

and Lnf interconneced by a number of 
entral connectives, some of which form smaller sacs. 


and constricted in 
transverse dorsal 



other i 

There are usual branching tracheal tu!).-s 
through the thin and soff Inti ^ Partly, respiration is also carrir.d out 

areas of flat cans in the membrane. In addition to this cm tai.t 

nature. proctodaeal region are suspected to be .Tspiratory i,t 
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A NEW EGHINOSTOME GERGARIA FROM Lymnaea iuleola 
WITH NOTES ON ITS LIFE HISTORY 


By 

G. P.JAIN 

Department of Zoology. Mahakoshal Mahavidyalya, Jabalpur 
[Received on 19th September, 1959] 


INTRODUCTION 

On November 85 1953, an undescribed species of echinostome cercaria was 
found in fifteen out of 90 adult Lymnaea luteola collected from a pond in Alfred Park^ 
Allahabad. Its behavior and morphology were recorded and certain facts concern- 
ing the metacercaria were obtained. On November 10 of the following winter, 
more snails infected with this species were discovered. From experiments on the 
material thus obtained, metacercaria and adult stages were determined for a species 
which seems to be an undescribed form of Echinoparyphium. It was found that 
the same snails are second intermediate hosts and the adult matures in the intestine 
of domestic ducks (experimental). The name Echinoparyphium bagulai was proposed 
for the new species^ which has been described and sent for publication in a separate 
paper. 


The present form is described here under the name Cercaria [Echinoparyphium) 
bagulai. 


THE CERCARIA (Fig. 1) 


The ccrcariae always emerge from the body of the snail Lymnaea luteola in the 
mid of the day. They are very active swimmers and under average .laboratory 
conditions they swim almost continuously for 8-9 hours or more. During this 
period there is no concentration of the cercariae but as they become weaker they 
become concentrated at the bottom. Swimming activities are similar to those of 
other echinostomes. The body may cither precede or follow while swimming. 
Frequently an individual will settle down on a smooth surface and under go active 
creeping. During these creeping activities the body is constricted slightly just 
back of the acetabulum but not more so than in the case of any cercaria with a very 
protrusible acetabulum. 


Description : — Body elongate with sides more or less parallel in posterior two 
thirds, slightly tapered anteriorly, widest portion just anterior to acetabulum. 
Collar spines 42 arranged in two rows. Oral sucker powerful, terminal and oval in 
outline. Acetabulum in mid of posterior half of body, very muscular, larger than 
oral sucker. 


Cuticular spines very inconspicuous, most evident between two suckers. 
Prepharynx relatively long ; pharynx spindle shaped. Esophagus and ceca plain. 
Cystogenous glands composed of masses of fine rods mostly confined to lateral 
fields from level of pharynx to posterior end. Gland cells arranged in two groups 
situated lateral to oesophagus. Excretory ITadder of two chambers, both contractile. 
Excretory canals arise anteroTatcrally from anterior chamber of bladder, enlarge 
immediately and extend forward, nariow abriiplly at level of pharynx and reverse 
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their course and extend unbranched to extreme posterior end of body Excretory 

granules evenly distributed in decending limbs. Flame cells 17 on CMch si(l( # I *iil 
powerful, plain j having no fins or folds and provided with both iongitudin.il and 
circular muscles to extreme tip. Caudal excretory tube bifurCcitcs in first foiii th of 



Fig. 1. Ceicaria of E. ba^ulai, ventral view. 

(Drawing made with the aid of a camera lucida) 

Abbreviations used-. — Acet, acetabulum; cet, caudal excretory Ciuial; eg, excretoiy 
granule; ex. b, excretory bladder; f. c., flame cell; g. c., germ cells; Oes, ut‘soi)liagUB; 
O. S., oral sucker; Ph, pharynx; p. ph, pre-pharynx; Sg, salivary gland. 
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tail. Measurements on fixed material as in Fig. I body length 0“26 mm ; tail 
length 0-44 ram ; body width at acetabulum 0*12 mm ; oral sucker 0‘033 mm; 
acetabulum 0‘055 mm. by 0*042 mm. 

THE METAGERGARIA 

Various species of fish, todpoles and snails were exposed to cercariae. All 
experiments with the first 2 were negative, but every attempt to infect snail of the 
species Lymnea luteola was succesfuL Small snail (exprimental) and active cercariae 
were placed in shallow dish for several hours. Cercariae enter passively into the 
body of the snail and encyst in large number in the region of mantle and form a 
relatively strong primary cyst wall immediately. Cysts that are 20 hours old are 
fairly uniform in size and shape, 0*27 mm. by 0*18 mm. The cyst wall is less than 
0'005 mm. thick. 

The body of the metacercaria does not differ appreciably from that of the 
cercaria during the first few days after encystment. After 11 days the body is 
flexed ventrally, suckers become proportionately larger than in the cercaria and 
collar spines become clearly defined. The size and shape, number and distribution 
of excretory granules and spination of oral sucker remain unchanged after 
encystment. 

THE ADULT 

Metacercariae of various ages were fed to 2 white rats, 1 chicken, 1 pigeon and 
1 domestic duck. All were negative when examined 5 and 7 days after feeding. 
Metacercariae under 3 weeks of age were again fed to domestic ducks, and 7 days 
later 6 immature worms were recovered from the intestine of the duck. Another 
duck was given over a period of 2 days, 2 snails, each of which carried 50 to 100 
metacercariae. A severe diarrhea developed on the 13th day. On the 15th day, 
the duck died and 39 of the worms were found in the intestine. 

Two important conclusions can be drawn from the above feeding experiments* 
The metacercariae are infective after 21 days of encystment. The domestic duck is 
a suitable laboratory host. The taxonomically important features of the experimental 
worms, such as vitellaria, ova and cirrus sac complex, were studied and have been 
described in a separate paper. 


DISGUSSION 

The echi nos tome cercaria of the new species Echinoparayphium bagulai exhibits 
only few specific characters by which it can be distinguished. It seems 
that cephalic spination is the only morophological feature which is most reliable and 
serviceable in the study of echinostome cercariae. The characters observed in the 
new form that the tail laking a fin fold; cystogenous cell abundant; main 
excretory canals extending to the pharynx and recuring, agree through out with the 
cercariae^ of Bchinoparyphium aconiatum Dietz described by (Riech 1927) and Dubois 
; Echinoparyp)hium ellui ]o\imion 2indL Angle (1949); Eelmoparyphium recurvatum 
(Linstow, 1873) by Kuntz 1953 and Ecliinopuryphium baculus (Dies., 1850) by Ginetsin- 
skaya (1949). The behaviour and general suape of the body, suckers and tail are 
identical. The new cercaria can be readily distinguished from other echinostome 
cercariae by the characters of 42 cephalic spines and absence of a tail fin membrane. 
It is quite true that the study of the cephalm spination is difficult in some forms and 
accuracy can not be easily attained. It than naturally follows that, too, much 
emphasis should not be placed on the similarity of the cephalic spination, but some 
attention may be given to other characters in distinguishing echinostome cercariae. 
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To be more convincing, life history must be carried on under wcU conti oiled condi- 
tions because echinostome cercariae deHnitly develop the same arrangement of si)im-.s 
in later stages. 

As it is held by Oort, Faust and many others that the excretory system is also 
a important feature and provides a basis of classification* Sewell (1922) nseti the 
excretory system as one of the characters for separating the echlnosloniK': cereariae. in 
four groups c&llQd^ ‘^Echinatoides Cor onata^ ^ Echinaia^ mKl "^Megiilufah Tiu^ last naueal 
was erected by Gjrt (1915). The present from resembles the ^Coronata grt)n|) in 
having double rows of collar spines and tail lacking a fin fold. 

Although the life cycle of E, flexum (Linton, 1892) is some what imperfectly 
known (Najarian, 1953), apparently it is the only species of the genus whose 
development, modes of transmission and hosts are known to closely resemble those 
of E, bagulai The cercariae of both are minute and encyst in Lymnaca luteoUu 

The metacercariae of £. (Ginetsinskaya, 1949) and £. (Didlfus^ 

1953) also are found in molluscan hosts. 
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THE INFLUENCE OF DIFFERENT SOURCES OF CARBON ON THE 
GROWTH AND SPORULATION OF PESTALOTIOPSIS VERSICOLOR 

(SPEG.) STEYAERT 


By 

a P, AGARWAL and (Miss) S. GANGULI 
Botany Department^ Mahakoshal Mahavidyalaya, Jabalpur 
[Received on i6th January, 1960] 

It has long been established that carbon as well as a number of other elements 
are indispensable for the growth of fungi. Carbon plays an important part because 
it forms about 50% of the total dry weight of a fungus. In nature carbon is mostly 
available in complex form, but generally fungi convert them into simpler water 
soluble sugars of low molecular weight before utilization. Huge amount of 
literature has accumulated on the carbon requirements of fungi (Hawker, 1950 ; 
Lilly and Barnett, 1953 ; Wolf, 1953 ; Grewai, 1954 and Agarwal, 1958), The 
present paper reports the effect of different carbon compounds on the growth and 
sporulation of Pestaloiiopsis versicolor (Speg,) Steyaert. 

MATERIAL AND METHOD 

Pestaloiiopsis versicolor was isolated from spotted leaves of Anogeissus latifolia 
Wall (Agarwal and Ganguli, 1959). 

Asthana Hawker's medium ‘A’ containing 5 gma glucose, 1*75 gms KH2PO4, 
0*75 gm MgSO^. 7H2O, 3*5 gms KNO3 and one litre water was used as the basal 
medium. Glucose of the basal medium was singly substituted by different carbon 
compounds and their quantity Was adjusted in such a way as to contain the amount 
of carbon as present in 5 gm of glucose p2r litre except for starch which was added 
in the same quantity as glucose. The lollowing compounds were used : 

1. Carbohydrates 

(a) Monosaccharides 

Pentoses (CqHioOs) Rhamnose, xylose 
Hexoses (GgHiaOs) - Glucose, galactose. 

(b) Disaccharides (Ci^HaPn) Maltose, sucrose, lactose 

(c) Polysaccharides (G6H|Q05)a“- Starch 

2. Alcohols -Mannitol (CoHi^Oc), dulcitol, sorbitol 

3. Organic acids -Oxalic acid (GOOH)2, tartaric acid (GOOH)^ (GHOH)2 

During the experiment only purest available chemicals, and Pyrex glass 
were used. Fifty ml of the culture media were taken in 150 ml Erlcnmeyer flasks 
and sterilized at 15 lb pressure for 15 minutes. The pH of the different medm 
before autoclaving was adjusted to 5 as this was determined to be the optimum prl 
for the organism. The flasks were incubated at room temperature for 15 days. 
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OBSERVATIONS AND CONGIAJSK 'NS 


Showing dry weight 

Table 1 

in mg. and sporulation 
different carbon compounds 

of Pee.st(d(dm/>sis versmhr 

Carbon compounds 

Dry weight 

SpCH'ulatiun 

Without any carbon 

Nil 

- 

Rhamnose 

209 

poor 

Xylose 

200 

nil 

Glucose 

252 

good 

Galactose 

290 

poor 

Maltose 

271 

fair 

Sucrose 

255 


Lactose 

252 

fair 

Starch 

186 

pof>r 

Mannitol 

260 

exCitlhaU; 

Sorbitol 

248 

fair 

Dulcitol 

195 

good 

Oxalic acid 

nil 


Tartaric acid 

152 

fair 


The fungus did not grow in the absence of any carbon or on oxalic acid, ddic 
best dry weight was obtained on galactose and maltose. Next to tlnan were luaiuu- 
tol, sucrose, glucose^ lactose and sorbitol. They were followed by rliairmose, xylo.Hc, 
dulcitol, starch and tartaric acid. Sporulation differed in dilfcrcnt Cotnpomuls, 
Mannitol supported excellent sporulation and it was good on glucose, sucrose' aatl 
dulcitol. Maltose, lactose, sorbitol and tartaric acid induc<;d fair sporulation 
which was only poor on rhamnose, galactose and starch. 


The assimilation of disaccharides by the microorganisms usually d(‘p(nids u|)ou 
the production of the necessary hydrolytic enzymes. There are, however, records 
(Smith, 1949; Mandels, 1954), though few of direct utilization of disaccharidcs by 
some fungi. Tandon and Bilgrami (1957) observed that maltose and sucrose wc're 
utilized by some Phyllosticta species through a hydrolytic pathway and i'ormed uotid 
carbon sources, whereas lactose was utilized directly and proved a poor carlmn soiircc 
that the disaccharides when utilized directly form comparatively 
sTmilTrTtW '^'Saccharides support good growth of the orgunisin, ultoost 
S Tandnn “^7 *''' be Considered to be utilized through hydro- 

ysis. Tandon and Bilgrami (1957) observed that there was no significant dill'crcncc 
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in the dry weight of the Phyllosticta sp. on sucrose or on a mixture of its hydrolytic 
products. Hawker (1947), however, reported that the amount of mycelium 
produced by Melanospora destruens was different when this fungus was grown on 
sucrose or on a mixture of glucose and fructose. Her results indicated that it was 
not always essential that a complex carbohydrate {e. g. sucrOse) or its hydrolytic 
products {e^g. mixture of glucose and fructose) should always be equally good 
sources. 

Mannitol supported excellent sporulation as well as good growth. It was, 
therefore, attempted to find out the optimum concentration of mannitol for the 
vegetative growth and sporulation of the fungus. The organism was grown on 9 
different concentrations of mannitol ranging from 0’05;i to 8% as a sole source of 
carbon. The results are recorded in table II. 


Table II 

Showing dry weight in mg. and sporulation of Pestalotiopsis versicolor on 
different concentrations of mannitol. 


Percentage of mannitol Dry weight Sporulation 


0*05 

87 

good 

O'l 

146 

good 

0-2 

208 

excellent 

0-5 

256 

excellent 

l-O 

310 

good 

2-0 

482 

good 

4-0 

600 

fair 

6-0 

734 

poor 

80 

701 

very poor 


The above table indicates that the fungus showed a marked increase in the 
vegetative growth with an increase in the amount of mannitol from 0’05% to 6% 
where it was maximum and beyond that there was a fall in the dry weight. ^ The 
fungus grew even at the lowest concentration of mannitol i, e. Q'05% tried in the 
present experiment. 

There was no correlation in the dry weight and sporulation. Sporulation was 
good from 0‘05 to 2 per cent mannitol. At concentrations above 2%, there was^ a 
decrease in sporulation which was very poor at 8%. Considering the vegetative 
growth as well as sporulcrtion 2/^ mannitol may be said to the optimum dose for the 
fungus. 
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SUMMARY 


The influence of different sources of carbor. on the gco wcli an I KpnmlaCiDn of 
Pestdotiopsis versicolor was studied. The best growth was o'otame- on g'nlaetos.^uia 
maltose followed by mannitol, sucrose, glucose, lactose s u-hil .1, i h i luios.., xylose 
dulcitol, starch and tartaric acid. Oxalic acid could not he ut.h/.ed. M.imutol 

supported excellent sporulation and it was good on glucose sucros.-,, and dule.tol. 

Sporulation was poor on rhamnose, galactose and starclu 1. h<; oiituuuni concentra- 
tion of mannitol for the vegetative growth and sporulitioii ol tnc lun.'us was louad 

to be 2%. 
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FUNGI GAUSIlNG PLANT DISEASES AT JABALPUR 
(MADHYA PRADESH)— IV 


By 

K. G. NEMA’^ and G. P. AGARWAL 
Botany Department, Mahakoshal Mahavidyalaya^ Jabalpur 
[Received on 16th January, 1960] 

AgarwaL Nema and Beliram (1959), Agarwal and Beliram (1960) and Agarwal 
(I960) have described in the first three series of the paper seventy six parasitic 
f^ungi occurring at Jabalpur. It is proposed to record some more fungi form 
Jabalpur in this fourth series. 

The number of the species are the serial numbers of the fungus flora of 
Jabalpur. 

PHYGOMYGETES 

77. Physoderma zeae-maydis Shaw on leaves of L., Adhartal^ July, 1959, 

Leg. K. G. Nema. 

78. Ghoanephora cucurbitarum (B. & Rav.) Taxt, on flowers of Lujja acutangula, Adhartal, 
August, 1958, Leg. Nema. 

79. Rhizophus nigricans Ehrenberg. (Synonym E, artocarpi Raciborski) on fruits of 

Artocarpus iniegrifolia L., Richhai, February, 1959, Leg. Nema. 

BASIDIOMYGETES 

80. Ustilago crameri Koern on cars of Setaria italica Beauv., Adhartal, September, 

1958, Leg. Nema. 

81. Usiilaginoides virens (Gke) Tak. on panicles of Oryza saliva L., Adhartal, October, 

1959, Leg. Nema. 

82. Uromyces fabae (Pers) de Bary on leaves and stem of Pisum sativum L., and 
Lens esculenta Moench., Adhartal, January, 1959, Leg. Nema. 

83. U, appendiculatus (Pers.) Lk. on leaves of Phaseolus vulgaris L., Adhartal, 
December, 1959, Leg, Nema. 

84. Puccinia helianthi Schw. on leaves of Helianthus annuuSi College area and Adhartal, 
Leg. Agarwal and Nema. 

FUNGI IMPERFEGTI 
SPHAEROPSIDALES 

85. Diplodia natalensis Evans, on leaves of Mangifera indica L., College Road, 
November, 1958, Leg. Agarwal. 

86. Phomopsis vexans (Sacc. Sc Sydo) Harter on fruits of Solanum melongena L., North 
Milonigaoj, January, 1959, Leg. Nema. 

^ Lecturer in Mycology, College of Agriculture, Jabalpur. 
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87, Sepiotia anmta Cke. .on leaves of Ficus bengdensis L,, Near College, October, 

1959, Leg. Agarwal. 

88. 5. lycopersici Speg. on leaves of Lycopersuum escuknkm Millj AdlKirtaJ, December, 
1959, Leg. M. D. Tewari. 

It has also been reported from Madras State by Ramkrishuan and Sumlarain 
(1954;. 


MILANGONIALES 


89. Colletorichum papayae P. Henn. on leaves, petioles and fruits of Carka papaya 
L„ Beoharbag, January, 1959, Leg, Agarwal. 

90. C. zingiberis Sundararn on leaves of ^ingiber officinale Rose., Adliartal, September, 
1959, Leg, Nema. 

It has also been reported from Amalpur^ Godavari (Butler and Bisby, 1931). 

91. Gloeosporium papayae P. Henn. on leaves, petioles and fruits of Carks papaya Ij., 
Beoharbag, January, 1959, Leg. Agarwal. 

92. G.psidii (G.BeL) SaCc. oh fruits of Psiditm guajaua L., Adhartal, Jainiaryi 
1959, Leg, S. G. Dubey, 

93. Fesiahtiopsis of Artocarpus lacucha Hort. Napier Town, fiinuary, 

1958, Leg. R. G, Agnihotri. 

47. Pestalotiopsis versicolor (Speg.) Steyaert on leaves of Carissa carandus L., Near Saliid 
Smarak, September, 1958, Leg. Miss Bhavc. 

1 his fungus has already been recorded on Anogeissus Wall Jn series I 

of the paper and therefore the old serial number has been given to it. 


MONILIALES 

94. Alternaria brasdeae (Berk) Sacc. on leaves of Brassica oktacca I. , A<lluirtaL 
December, 1958, Leg. J. P. Bisen. 

95. Van Tiegh. on bulbs of Newargau), January, IDGO, 

Leg. Nema and Agarwal. n r. • 

SSrr!T95r£eg. Nema! 

97. on leaves of Spimcia oUmea L., Goshalpur, Deccmln-r, 

AdharfU, January, 

andK?SBXfand£;^^^^^^^^ of « also from l>usa 

Nema!’^'^''' ^ Cucurbits, Adhartal, September, lU.V.). l.eg. 

Mfram^*""^ College area, Novcrnljer, Leg. 
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it is the synonym of Mymphaerelta gossypina (Cke.) Atk, but only the conidiai 
stages were seen. It is a common disease and found in many parts of India, 

IQL Cladosporium fuldumG':i6kt oi Lycopersicum esculentum Mill., Adhartal, 

January^ 1959, Leg. Nema & AgarwaL 

69. Cufvularia lunata (Wakker) Boed, on leaves of Panctfltium sp., Beoharbag, 
September, 1959, Leg, AgarwaL 

It has already been recorded on Musa paradisiaca and Cymbopogon citratus in 
series II of the paper and therefore the old serial number of the fungus has been 
retained here. Pancratium is a new host record for Curvularia lunata not so far 
described, 

102. Fusarium coeruleum (Lib.) Sacc, on tubers of Solanum tuberosum L., Sunday 
Vegetable Market, December, 1959^ Leg. AgarwaL 

Fusarium coeruleum has been reported to be causing dry rot of potato and 
Colocasia antiquorum at Allahabad and the detailed pathological studies have been 
done by Tandon and Agarwal (1956). 

103. F. orthoceras App. & Wr. on roots of Cicer arietinum L. and Lens esculenta 
Moench., Adhartal, January, 1959, Leg. Nema. 

104. F. oxysporum Schlecht. on roots of Pisum sativum L.^ Adhartal, January, 1959, 
Leg. Nema. 

105. Oidium chrysanthemi Rabh. on leaves of Chrysanthemum sp., Adhartal, November, 
1959, Leg. Nema. 

Oidium chrysanthemi has been reported on leaves of Chrysanthemum sp. also 
from Poona by Patel, Kamat and Bhide (1949). 

MYGELIA STERILIA 

106. Rhizoctonia bataticola (Taub.) Butl. on roots of Cicer arietinum L., and Pisum 
sativum L., Adhartal, January, 1960, Leg. Nema. 

107. Sclerotium oryzae Gatt. on stubbles of Oryza saiiva L., Adhartal, December, 1958, 
Leg. Nema. 
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A COMPARATIVE functional STUDY OF THE URiNO-GENITAL 
SYSTEM IN UROMASTIX HARDWICKII GRAY fSAND LIZARD) 
PTTAS MUCOSUS LINNE (RAT SNAKE) AND ERTX 
CONICUS BONLENGER (SAND BOA) 


By 

S. M. DAS 

Depariment of The University, Lucknow 

[Received on August 29, 1959] 

[ Read at the 27th Annual Session of the Academy held at Jabalpur on 27th December, 1957 ] 

I. INTRODUCTORY, MATERIAL & METHODS 

In almost all the Universities in India, Pakistan, Burma and Ceylon the 
anatomy of a lizard and a snake is done by graduate and post-graduate students 
of Zoology, both in theory and practical classes. Yet no satisfactory account of 
their anatomy is available. Except for Hemidactylus (Mahendra 1935-1953), the 
rest of the reptilian investigations in India are scattered and sketchy* An excellent 
review of work abroad on reptilian urino-genital systems is given by Mahendra 
(1953), which is thus ommitted from the present paper. The urino-genital system, 
however, remains almost untouched in the reptiles of India, except for Hemidactylus 
(Mahendra, 1953) and a few short notes (McCann 1946, and Seshadri 1956,57) on 
reproductive organs of a few lizards and tortoises. The present contribution there- 
lore lays down for the first time the outlines of Urino-genital anatomy in the 
important reptilian types mentioned above. The investigations were undertaken 
to find out the^ rnain differences in the urino-genital organs between Indian Lacer- 
tilian and Ophidian types, and also their functional anatomy. 

The Uromastix, Ptyas and Eryx were all obtained in the living condition at 
Luckno’w and dissected fresh after narcotisation by chloroform. The mesorchia, 
mesovaria and the broad ligaments were rendered opaque and easily visible in 
suu by the author’s dilute corrosive without acetic technique. The nuraenclature 
abopted is after Beddard, Parker, Cope and Goodrich, with modifications. 

11. THE URINARY SYSTEM 

1. Geiaeral 

^ Although the urinary and genital systems are closely connected in Reptiles, 
and is jointly called the urino-genital system, the two systems develop independently 
and may be compared separately in the three reptiles dealt with in the paper. 
The urinary organs develop as 3 sets of segmental ncphric tubules ; the pronephros, 
the mesonephros and metanephros, the functional kidney in the adult reptile 
being the metanephros. The mesonephros, present only in the embryo, atrophies 
in the adult ; but its duct functions as the epididymis and vas deferens in the male 
(Wolffian duct). The gonads, on the other hand, develop with no trace of 
rtietamerism from a pair of genital ridges whicli lie between the mesentary and the 
nephric fold. In the male they get connected with kidney tubules through vasa 
ellerentia, but in the female no such connection is formed. 
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2. Uromastix hardwickii Gray 

THE KIDNEYS AND URETERS 


The kidneys in Uromastix arc two depressed chocolatc-col.Hired elongate.! pear- 
shaped structures which are free and broad in the anterior hall ol then- length, but 
are fused along the rest two-thirds where they gradually tap.a- up to the cloaca and 
form a V-shaped structure. Each kidney may thcr.;fore be said to consist ol two lobes, 
as is found ia Hemidaet:flus (Mahendra 1953), in which the Irct anterior part us the 
anterior lobe and the fused posterior part the posterior lobe, thc^ tapering hind end ol 
which extends somewhat beyond the transverse cloaca into the caudal region. The 
kidneys are located in the postero-dorsal part of the abdominal cavity, being closely 
applied to the dorsal wall, and are covered by peritoneum on their ventral surlaces 
only. The fused parts of the kidneys are not intimately united internally since 
each may be observed as a discrete structure in transverse sections, being separated 
from its fellow by the connective tissue matrix in which lie the caudal artery and 
caudal vein. 


Arising from the anterior third of the vcntro-latcral region of each kidney is 
a thin-walled short ureter, running imbedded in the central connective tissue inside 
the peritoneum. The openings of the 2 ureters into the cloaca lie in a special 
ventral pouch, the urodaeum, in its posterior half, and are separate and distinct 
from the openings of the vasa deferentia in the male and oviducts in tlie female 
(figs.) The ureter openings are situated on a slighty raised papilla. This is din’errnt 
from Hmidadyur (Mahendra, 1953) in which each ureter joins the vas deferens of 
its side posteriorly, and the two open together by one common aperture on a 
papilla in the urodaeal part of the cloaca. There arc a pair of collapsed funciionleas 
ducts, the vestigeal Mullerian ducts which lie along-side the vasa deferentia in 
the male. 


THE URINARY BLADDER AND URINE 

The bladder is a whitish thin-walled elastic sac arising from the postero-ventral 
border of the urodaeumi' The fundus is rounded but it narrows rapidly lowords 
the urodaeum forming a well-marked pear-shaped sac. It contains a yellowish 
urine which is excreted from time to time into coprodacum, a mechanism for con- 
servation of water in these desert-living animals. The dried urine pellrt.s when 
tested, shows about 80% uric acid, 6% allantoin and the rest calciutn and salt.s. 
This is in contrast with Hemidactylus (Seshadri , 1956) which has 77% uric acid, 9% 
allantoin and the rest water and salts. The secretion of urine from the ncphr.m 
capsules to the nephric tubules is not semisolid in any reptile, but some water is 
resorbed from the urine as it is passed through the distal convoluted tubules and 
finally poured into the coprodaeum for major resorption of water and solidification 
of urine. 


3. Ptyas mucosus Linne 


IHE KIDNEYS AND URETERS 


tRpir ^^dneys in Ptyas are not only asymmetrical in the same individual tmt 

The rkhtT-5 ’gather dilferent in the male and the (Vruale snakes. 

Sed ifke front of the left in a medium 

W 1 ^ in the male they reach the same 

p eriorly and thus the right kidney is always longer than the left. In the 
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female snake tlie difference in length is not marked, the right stopping short before 
the left kidney posterior y. Each kidney is an elongated, chocolate coloured, much- 
lobed depressed gland, the lobes appearing like so many segments arranged in tan- 
dem fashion. In the male the right kidney consists of about 20 segments, while the 
left one has only about 12 segments. In the female the right kidney contains about 
12 segments and the left only about 9 segments. To compensate for length the 
^ female are not only broader but somewhat stouter than in the 

male (Figures). Each kidney tapers anteriorly as well as posteriorly. 

arise froin the anterior outer border of the kidneys, bein» joined 

?he malefTeh ‘ posteriori^. In 

the male each ureter crosses under the vas deferens of its side (figures) and opens 

tIp r opening m the urodaeum, posterior to the vas deferens openings. 

Jirfi in sacculated area of the urSdaeum 

nn^Pr til® female the lateral ureters make a wide loop 

under the enlarged part of the oviduct and open side by side posterior to the 

tSu^rlte^Jim^r^^T* species of Ptyas examined (not mucosus) 

bv a common enlarged part of the vas deferens (seminal sac) and both open 
by a common aperture at the urino-ganital papilla. The free posterior part of the 
ureters are muck longer than in Uromaslix and do not open so far back either, the 

one sixth its length m the male. 


THE URINE 

Snakes have no urinary bladder and this structure is also absent in Ptyas. 
The urine in Ptyas is solid and whitish, a dirty-coloured thick liquid being stored 
in the special chamber (coprodacum) and dehydrated before being voluntarily 
excreted. The dried urine contains about 78^ uric acid, 1*5% urea, and the rest 
ammonia, aminoacids, creatinine etc., showing that it is less deserticolous than 
Uromastix. The urea, absent in Uromaslix, is present here, while the allantoin present 
in Uromastix is absent in Ptyas, 


4, Eryx coaicus Boulenger 

THE KIDNEYS AND URETERS 

The Kidneys in Eryx are not only situated farther up from the cloaca than in 
Ptyas but they show a much greater lobulation or segmentation than in Ptyas, 
The right kidney is far ahead of the left being about 4/5ths of kidney 
length anterior to the right one in the male and 3/4ths in the female. Each kidney 
consists of five (and only five) segments in a row, being separated by whitish 
transverse partitions of connective tissue. Each is depressed, chocolate coloured and 
spindle-shaped in outline, being pointed both anteriorly and posteriorly. The 
anteriorrnost or first lobe in each kidney is conical, the apex of the cone being 
directly forward; while the posterior or fifth lobe is about the same size and shape 
as the first, the apex of the cone however being directed posteriorly. The rest 
3 lobes or segments arc broader than long, the middle one being the broadest and 
the other two somewhat narrower and shorter. 

Tilt Ureters in Eryx arise neither from the anterior end nor are they mesial 
or lateral in position. They originate from under the first lobe of the kidney lying 
ventrol to it and run along the entire length of each kidney on its ventral median 
line, dividing the kidney into almost equal right and left halves. This a ver^ 
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peculiar arrangement not reported in any other reptile so far. On reaching 
of the kidney each ureter thickens and runs posteriorly .as the 


tlic 

nosteriorborde“rof the kidney each ureter thickens ami runs posunioiay .as me free 
ureter for a length about three times the kidney length on th ; right an l twice the 
kidney length on the left side. The free ureters in the female are somewhat longer 
than in the male. Each ureter opens separately, opposite its fellow, into the hmd 
part of the urodaeum, the gential openings (one pair) being siinatei in its Inint 
part. The ureters do not cross the vasa deferentia as in and the ovnluc.il 
apertures also do not lie anterior to the ureter opcnini^s* 


THE URINE 

There is no urinary bladder and whitish solid urine is st()r<ul in a special 
compartment of the coprodaeum before being voluntarily excreted. Thus although 
the ureters and vasa deferentia both open into the urodacurn, the urinary cluunber 
is separate from the genital one. I have recovered ahnost solid balls of uric acid 
from the cloacal chamber of some specimens of Eryx. The percentage composition 
of dried urine has 88/o uric acid, 1*5;^ amino-acids, 2% purines, ancl the rest salts 
and creatinine. In this respect (the hard solid urine and tlu^ BJi;:; urie aei<l)* tin* 
urine of is similar to that of the horned toad Plirynosoma (a desert U/Mtrd) an I 
is thus much more deserticolous than Ptyas. Eryx has neither urea or allanioin. 


in. THE REPRODUCTIVE SYS'VVM 


I i General 


In the reptiles the mesonephros and its ducts have been taken over entirely 
into the service of the testis. The mesonephros has lost its kidney structure and 
become incorporated into the testis as a portion of the epididymis, dlie mosone- 
phericduct (pronephr 1 C primitive longitudinal duct) forms the rest of the epididymis 
and vas deferens (Wolffian duct) in the male. In the female the nH^sonc-Ilums m l 
Its ducts atrophy and may he present as a vestige known as the RosenmuUer \s 
organ or canal of Gartner. The Mullerian duct persists .as the oviiluct in tlm 
female and as a vestigeal strand m males. The eggs arc fertilised in the Ovid net 
and receive a coating of albumen and then a membranous or oalcarcons shell in 
heir passage down the oviduct. Male snakes and lizards always possess aired 

doTi anrfre'fllS*'SeT’ Protrusiblc houL lockel.s .,f tlie 

cloaca and are called the hemipenes. When protruded the surface of each hmii- 

penes is traversed by a groove (the sulcus) which conveys the siit- • t ,nh,i,l v 
the genital openings in the cloaca of the make into the cloaca of ihc famdl: 

2. Uromastix 

much anterior to the Hdney^.'^^ T^° riehf 

the left one and may even lie at the same fevel «*** situated orily a little ahead of 
individuals. Each testis is attached tn th k reversed situations in m.iny 

mesorchium which rbroade' t^^^^^^ of peritonenm called 

separate from another fold the “brmd f Lacerta or Hemulactyhs and is 

extending anterior to the r^e orchium Tn ’ ^^PP^rting the cpidi;iy,ni, and 

pair of Vitoneal thicken“rstrandT* i.. ^ Mullerian vestige lies as a 

vas deferens posteriorly, the Woffian vesticrp°i™'^^*^\r^ testes aud_ pandhd to 
of each testis. In the female the Wolffinn "irp < ^ Posterior margin 

antero-laterally to the ovaries.* ™ vestige (Rosen mulkr’s organ) is sitnatccl 
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The epididymis is a well-developed part of the Wolffian duct which is the 
thickened, convoluted part of the vas deferens and begins at the postero-lateral 
margin of each testes (not from the inner side of each testis as in Lacerta ), being 
continued backwards as a thick cord to about half the distance between the testes and 
kidneys. Each epididymis passes behind into a narrower less convoluted tubule 
the vas deferens, which runs ventrally along the middle of the kidney of its side and 
approaches its fellow posteriorly to open separately but side by side in the anterior 
part of the urodaeum. The vasa deferentia do not join the ureters. 

The structure of the copulatory organs of the male, viz., the hemipenes, have 
been described for many reptiles (iVicGann 1946). In they consist of a 

pair of hollow eversible copulatory sacs opening into the posteriormost part of the 
cloaca and attached by retractor muscles passing from the hinder end to a number 
of caudal vertebrae. The shape and size of each hemipenis is dependent upon the 
degree of eversion (as in Hemidactylus) ; but it has a distinct hardened pedicil, a 
soft anterior glans, and a sulcus along outer wall. 

The ovaries in the female are a pair of oval bodies with irregular outline, the 
right ovary being usually a little anterior to the left one, although the situations 
may be level or even the reverse in some individuals. The ovaries are situated 
nearer the kidneys than the testes. The mesovarium is a thin narrow sheet 
attaching each ovary with the dorsal abdominal wall, and the "'broad ligament"' 
supporting the oviducal funnel and anterior part of the , oviduct. Each ovary 
contains ova in various stages of development, the larger ones lying on its anterior 
border. 

Each oviduct originates by a wide -mouthed thin-walled funnel, opening into 
the anterior abdominal cavity, the openings of the funnels facing outwards and not 
inwards as in Hemidactylus, The oviducts run posteriorly lying outer to the ovaries 
without any convolutions ; but each presents a striated appearance throughout 
due to special elastic fibre-bands (figures); The posterior part of each oviduct is 
enlarged into a shell gland or which not only lodges the mature fertilised 
egg but secretes part of the egg-shell. The last part of the eviducts form the 
socalled ‘^vaginae” of the lizard, where the sperms of the male are discharged after 
copulation, and which open into the anterior part of the urodaeum by a pair of 
large openings. 


3, Ptyas 

In the male Ptyas^ the testes are not only placed far away from the cloaca and 
anterior to the kidneys but they are acutely asymmetrical and placed almost in a 
line, tandem fashion, one in front of the other. The right testis lies two lengths 
ahead of the left testis, and the left testis is nearer the left kidney than the right 
testis is to the right kidney. Each testis is an elongated cylindrical yellowish 
structure, almost five times as long as broad, and is attached by a long narrow 
mesorchium to the dorsal body wall. Each testis consists of 5 to 6 thickened 
lobes or segments arranged in a linear fashion and therefore look like a kidney 
except for its yellowish colour. The *‘broad ligaments” are smaller and narrower 
than in Uromasiix, 

The epididymis is an elongated convoluted strip lying along the outer border 
of each testis upto its posterior end, and does not extend beyond as in Uromastix. 
Each vas deferens is a very long thin duct running from the epididymis along the 
outer side of the ureters and, crossing over the ureter, opens in the proximal part 
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of the urodaeum in a groove (near the urinary papilla) which leads in an arc do wn 
into the basal groove (basal sulcus) of the heinipenis of its side. L ich iK.inip niis 

is about halfas long as the right kidney and bears a groove (sulcus spenuaticus) 

along which sperms pass to the tip of the glans, 

Theomries in the female P/yas are much longer and broader and cyliudrical 

than the testis, although situated at almost the same level taudmi las uou as Uie 
testes in the male. The right ovary is much larger than the elt; atul is situated 
about two lengths ahead of the left ovary very near the median hue. haeli ovary 
consists of only one lamella containing a single row ol eggs, and not the doubl,- 
lamellae characteristic of most snakes.' The 2 ovarian lutmcls lie oppo-sitc, aii.l 
outer to the ovaries, with the oviducal aperture directed inwards, llie leiuale hai 
a lon^^ y&Wqw pSTitouBdl QT§^fi attached to the inner margin of each ovary .lud luiiuiiig 
almost four-fifths of its length from the posterior margin. This structure has lieeii 
homologised with the adrenal of higher vertebrates. The mcsovanuiu is uarmw 

and only as long as the ovary ; while the ‘‘broad ligment” is only a thin stiip uu 

its antero-lateral margin. 


The oviducts are somewhat wavy in their coarse from the abdominal fuinads, 
the right oviduct being about 1 2/3 the length of the left one. I'V.ich ovidner,, oti 
reaching behind the kidneys, becomes enlarged to form a thickwalled oiflsac whieh 
also serves for storage of sperms after copulation for fertilisation ot df*:Hcemlin!^ <>va 
and for secretion of certain parts of the egg which is stored here ntitil it hi laitL 
The two ovisacs open through a pair of female genital apertures lying in the 
proximal pare of the urodaeum. 


4. Eryx 


The testes are a pair of compact whitish bean-shaped or kidney-sh.i|)e I organs 
in the male which are placed asymmetrically far anterior almost ab >ut a 
kidney-length to the kidneys. The right testis is situated about one testisdcugih 
ahead of the left, but not in a tandem line as found in The m(*:sor(:lu t are 

weak but the ‘'broad ligament” is quite well-marked, lach te.stis is stoat and 
presents a smooth appearance without being lobed as in Ptyas or otinu’ mu i ka. 
In this feature Eryx resembles the Lacertilia rather than ophidia. 


The epididymis is narrow and short beginning from the iumu' midille region 
of each testis, and is continued posteriorly into the vas dfdVrmis which follow } a 
wavy sinuous course. Each vas deferens is whitish, thin vvallcd, autl passes oiu, lie 
outer sides of the kidney to open separately, the two openings lying side liy side in a 
pouch on the roof of the proctodaeum. The vasa deferenua do not cross the ureters 
as m rtyas and each opens into the cloaca near a groove which becomes nmciiouaily 
continuous with the base of the sulcus. Each hemipenis in situ h 
stouter than in Piyas and a little more in length than its short c nn^iact 1 

anarfln ^ transluccnt tubular bodie 

always Ivinu in the ^ *^ouble lamella with an intervening Kiuus, ih 

?ery narrow lod elongat’d 


s shoriei 
kidney. 

' ami 

■s, situate 
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The oviducts run an almost straight course backwards from the narrow oviducal 
funnels lying much ahead of the c varies. Although each oviduct becomes stouter 
as it runs posteriorly on the outer side of the kidney, there is no distinct ovisac as in 
Ptyas^ The two female genital apertures lie side by side in a special chamber in 
the urodaeum. The oviducts do not cross the ureters in Eryx. 

IV. THE GLOAGAL DIVISIONS 

1. General 

The primary divisions of the cloacal chamber in reptiles into a cotproddcutriy 
an uTodacum and a protodacum^ is now universally accepted. The coprodacum is really 
the last part of the rectum which is separated proximally as well as distally by 
welhmarked sphincter muscles. Usually it is constricted into a number of small 
chambers, the last chamber opening into the urodaeum through a strong sphincter* 
The uradacum receives : (1) the urinary secretion through the ureters, and (2) the 
sperms through the vasa-deferentia in the male or the ova through the oviducts 
in the female. The uredacum is often further subdivided into a ventral urinary 
and a dorsal genital chamber, so that the two products may remain separate. The 
proctodacum is the shallow last portion of the cloacal chamber, which can be 
functionally juxtaposed to either the coprodaeum or the urodaeum, and opens 
externally by a large transverse cloacal aperture to allow for the eversion of the 
hcmi-pencs. 

2. UromastajK 

The coprodaeum is larger than the urodaeum and opens by a narrow sphinctered 
passage into the latter distally ; while proximally it is demarcated from the rectum 
by a mild sphinctered transverse fold. The wall of the coprodaeum shows internal 
folds which disappear on stretching, unlike Hemidactylus (3eshadri, 1956) where 
strangely enough the right half is shown to have folds, and the left none. There 
are no villi such as are found in the intestinal wall. The lining of the sphincter 
separarating the coprodaeum and the urodaeum has high ridges and deep grooves 
set longitudinally, some of which coalesce and pass insensibly into the neck of the 
urinary bladder. The urinary bladder stores the urine passed antero-ventrally from 
the urodaeum and passes it again from time to time into the coprodaeum which 
absorbs the water. The wide folded sphincter region keeps the urine from passing 
into proctodacum and its folds also absorb the water. 

The urodaeum can be shut off from the coprodaeum by a strong sphincter, and 
receives in the male the ureters and vasa deferentia in separate areas, of which 
the former may be functionally isolated and juxtaposed with the proctodacum 
separately. The urodaeum may thus be separated into a dorsal genital and a 
ventral urinary half. In the female the oviducal apertures lie on the dorsolateral 
sides of the ureter openings and can be separately juxtaposed with the proctodacum. 
Each vas deferens falls into an urodeal diverticulum which forms a pair of func- 
tional seminal vesicles to store sperms which are shed only at copulation. The 
urodeal lining is slightly folded and has no villi either. 

The proctodaeum or the third chamber of the cloaca is the widest, and commu- 
nicates through the thick-lipped transverse cloacal aperture to the outside. The 
coprodaeum, urodaeum, and proctodaeum are never in a straight line of sequence 
as shown in the figures of Seshadri (1957). It is rather an S-shaped affair, the 
bends lying in a dorso-vcntial axis. The lining of the protodaeum is the smoothest 
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except for the lateral openings of tke heralpcnis in the 
transverse cloacal aperture allows for extrusion ot 
male, the organs themselves lying outside the cloaca. 


tnalc UroniasUx. Tlir. large 
the copulatory orgam in tlic 


3. Ptyas 

The three chambers are never at level or in a line in Pljns, hut in three tiers. 
The coprodaeum is at a lower level than the urodacurn, while tin; pr()CttKbeiim lies 
still ventral to the urodaeum. The coprodeal cluunber is the !arg<;st of the three 
chambers and is lined by a folded and ridged epithelial layer, which is made 
smooth by stretching.^ Its opening into proctodacum is guarded by a thick valvular 
partitions, the urodaeum lying out of the path on the dorsal side. 

The wroifOTm is triangular in shape and again separable functionally into an 
urinary and a genital part,, the openings of vasa clefercntia in male lying anU'ro- 
dorsal to the ureter openings, the flow of urine being automatically dirreted into 
the lower coprodaeum without the intervention of a bladder. This is !irl|)(nl |>y 
the uro-proctodeal passage being functionally blocked by the raised po.strrior 
margin of the urodaeum (see figure), and by the ureters (gxming In*hin<! litis 
urinary ridge (papillaj. In the female the oviducts open autenHlorsally to ilte 
ureters. 

The proclodaeum is the widest of the three chambers and is miu^li mum diHiasm* 
dated than in lizards. There are xhvet prociodeal ridges : a t hick uusliau dorsal l idjg; 
and two broad lateral ones, between which lie two W(ill-mark(‘d (lors(rlat('ral prodmical 
grooves. These two deep shaped grooves connect directly tlu! |’(mital chaiubrr of tlu; 
urodaeum to the margins of die two hemiperKS sheath ()|)(ahrigs, t lirnuadiaiusni 
of working of which will be discussed later. On the sides ( >ld he traiisvrrse ch iacsi 
lie the two hemipencs sheath openings and still onlcr to these is tlu* Mnall o|Kaung 
of the post-anal gland on each side. 


4, Eryx 

^ The coprodaeum, urodaeum and proctedaeian are situated on t lie same plan 
asm butthe unrodaeum is the largest of the three chamluas, ami the walls 
of the cloaca as well as the partitions are more well-developed and eoniitaet. 

r . , , '^^^coprodaeum is deep and very extensible witli a large lumdier ol' villi-like 
tolds. This IS a definite advance over Uromastix, Hemidactylns ami Ptyas, since 
bladd^ dehydrated or rendered solid. There is no urinary 

Hht urodaeum is placed high (dorsal) above the proclodaeum, ami the uro- 
proctodeal junction IS guarded by a conical ridge pointing backwards. This cone 
IS the urinary papilla on wTich both ureters optm on its anU!rior lact*. 

Thtproctodaeum is broad, shallow ami has procloT al <l(m;<,-l,m:ral (Omive;:, .is in 

well „s grooves are very sh.Ulow. 'I he hmuipmis 

and very small openings (see figure). 
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V. THE HSMIPENfES, POST-ANAL GLANDS AND PREANOFE^iORAL PORES " 

i. General . _ ‘ . 

The male copulatory organs in reptiles are generally stowed away beneath the 
skin in recesses of the postero-lateral corners of the shallow cloacal vestibule. In 
general each organ is attenuated at the free end and furnished with ‘'^horny” 
processes, and is called a hemipenis (or half penis). Each is a tubular structure, to 
the free end of which is attached a long retractor muscle which arises from the 
ventro-lateral surface of the caudal vertebrae and extends a considerable distance 
back. It has been observed that only one hemipenis is inserted into the cloaca of the 
female at one time. 

The earliest appearance of copulatory organs is seen in the lizards (Uromastix) 
where there is actually no copulation (as understood in higher vertebrates) but the 
penis is a means to secure juxtaposition of the sexual apertures rather than an organ 
of intromission of spermatic fluid. The kmipenes then are actually organs of prehension 
which can take a firm hold on the cloaca of the female. 

The or glands are specialised glandular structures which play an 

important part in sexual congress by emitting the characteristic odour of the sex and 
species. pre-anofemotai pores are the openings of certain pre-anal and femoral 
glands in Geckonidae, Lacertidae, Varanidae and Dibaenidae. They are not found 
in all genera and may be restricted to males only in some (Gockonidae) or present in 
both males and females (Lacertidae). 


2. Uronnastix : 

There are 9-18 preanofemoral pores arranged in a single row along under surface 
of thigh and par-anal region on each side in Uromastix ; some of the pores lie in the 
scales but others are actually surrounded by them. The pre-anal pore-line form an 
angle of about 120^ with the femoral pore-line. Preanofemoral pores are absent in all 
oriental Agamidae except Uromastix^ Physignathus and Leiolapis. ^ Each pore leads into 
a tubular invagination of the epithelium which is only a simple tubular gland. 
On examination the secretion of the glands appear to consist of epidermal horny or 
scaly matter without odour. The secretion may increase and become deep yellowish 
in the breeding !:eason. The actual function of the secretion of these glands appears 
uncertain but they have been suggested as aids to mating in Uromastix and other 
lizards where they are present. 

The two hemipenes lie in two sacs or sheaths under the skin ventrally at root of 
tail and open into cloaca one on each side in the proctodaeum.^ Each hemipenis on 
eversion is seen as an oblong club-shaped organ with corrugations on ^ its surface, a 
few scattered spines ore booklets on its surface. There is a stalk or pedicel at base of 
hemipenis and the club or body is flounced to form calyces with^ spinous interruptions. 
Each hemipenis is evcrsible, when , erected, like the finger ol a glove and there is a 
ventral grove in each for transmission of sperms. 

The anal glands (cloacal glands) lie on either side of base of tail and open on the 
sides of the penial openings immediately behind the vent. They are rudimentary 
and about the same size in both males and females, ^ and are small and void m shape. 
The viscous secretion is yellowish and with a definite odour, the secretion increasing 
during the breeding period. ■ . 
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3. Ptyas , , 

Each hmitems extends upto orffmis .nal '' doiSu*'! 3 

db|med in a Mly 

narrow smooth basal' zone without spines, (2) a wic c ihird -/our 

about half the length of the hemipems with 

havine widely separated transverse grooves and ridges lormuig llmiiu (.cl loUls ( 1) a 
Sy ridis zLe fthethick^^^ the penis) with very narrow tran.svcrse p mcivcs 

and ndges, and (5) a terminal narrowed region without any “V 

these there are a pair of very large fleshy spines at the base ol (lach 1. mi k.u s which 

locks the organ in situ after insertion into the female. There are no flounced calyces 
as motioned by Malcolm Smith (1943) nor is there any division into two by a sulcus 
as maintained by McCann (1949). The sulcus r;,«rmahCMJ or sperm gnioye lyiarrow 
and passes along the outer wall of the hemipems upto the tip. 1 he smoui h lU.shy lip 
of the penis resembles the giant of many higher vertebrates. 

The postanal glands (sues) are in the form of two harcl cliiliaous pads shuatwl 
internally to the retracted hemipenis and are suflickintly large to be misiakeu for the 
hemipenes in P/jflr mucoiw. Their two openings lie just outer lo the penial oiKUuugs 
and are small. The viscous secretion of these glands has a siroug Miiiki* o loin ,, 
characteristic of the species. There are no prcanofcinoral pores or glands in 
snakes. 


4. Eryx 

The two hemipenes are shorter than those of Ptyas and tlua'c arc well-niarked 
rows of chitinous spines which, however, are only !)-6 in number, d he s|>ines arc 
harder than in Ptyas and are no doubt more efficient in grasping or precliension. Tlic 
sperm groove bifurcates near the tip of the organ, altliough iht^ liemi penis is tiot 
forked. The ridged middle region to characterised by oblicpK^ folds (not transverse 
as in Ptyas). The flounces join distaily to form cup-shaped d(sprcssious. 

The post-anal sacs (glands) are small and reduced to two wedi^tjs on tlie inner 
sides of the hemipenes, being hardly discernible as separate glands. They may possibly 
become larger in the breeding season, when they arc funciionaL Tiie preanotenionil 
pores or glands are absent. 

VI. DISCUSSION AND FUNCTION 

1. Excretion 

A study of the functional anatomy of the urinary organs of Umrmtix^ Piyas 
and Eryx reveals, that the atrophied Mullerian duct is present in the lizard (Jromastix, 
and is absent or lost in the snakes, Piyas and Eryx. An atrophied WiUffiau may abo 
be seen in Uromastix, but not in the snakes examined. The act of urination (excretion 
of fluid urine) appears to be a continuous process. But this urine never comes one 
of the body even in snakes, although there is no urinary bladder in snakes. In 
the urine is passed ventro-anteriorly along the longltiulimd grooves at, tlic 
copro-urodeal junction and some of it thus reaches the coprodacurn straigluawtiy. 
But the ridges described as leading into the bladder guide the rest oi‘ tlie urine 
lateraUy into the bladder where the urine is stored. Thus in snakes (which have no 

SSdirSy^ retained in the compro 
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The extraction of water takes place in the coprodaeum in all the above-men- 
tioned reptilesj as observed also for Hemidactylus (Seshadri 1956). The solid urine is 
retained in the coprodaeum until the act of defaecation when some faecal matter 
pushes out the urine and becomes attached to it posteriorly. Urine is thus excreted 
outside the body as a solid. Uromastix has allantoin but no urea^ Ptyas has urea but 
no allantoin, while Eryx has neither allantion nor urea. From this analysis it is 
apparent that Ptyas is fond of water or is least deserticolous ; Uromastix is fond of a 
drier habitat^ and Eryx is almost as deserticolous as the horned toad Pkrynosoman 


2. Reproductive Orgaus 

The testes appear slightly asymmetrical in most reptiles as it is in UromaUix, but 
it reaches the acme of asymmetry in snakes. In Eryx the right testis lies on the 
right, but one testis-length ahead of the left one ; while in Ptyas the testes He tandem 
fashion one in front of the other the right one lying two testis-lengths ahead of the 
left one. The testes are ovoid in Uromastix^ bean-shaped in Eryx and become very 
much elongated in Ptyas^, being about five times as long as broad. 

The epididymis (the only functional part of the Wolffian duct) forms the long 
comvoluted part of the vas deferens, extending far posterior to testis in Uromastix ; 
it is broad and short in Ptyas^ not extending beyond testis ; while in Eryx it is narrow 
and shortest. 

The ovaries are also placed asymmetrically. They are only slight y so in 
Uromastix ; the right extends half a kidney length ahead than the left one in Eryx ; 
while in Ptyas not only is the right ovary much longer than the left one but it lies 
about two and a half lengths ahead of the left one in the median line in tandem 
fashion. 

The oviducts are also asymmetrical and each is enlarged posteriorly to form a 
thick-walled ovisac in both Uromastix and Ptyas, But the ovisac is absent in 
since this viviparous snake does not have to store eggs or secrete a shell for the egg. 

3. The Hemipeues^ copulation and ovipositiou 

The copulation, insemenation and oviposition of reptiles is so widely different 
that there may appear no underlying plan in these processes. However, closer study 
reveals one pattern which is typically lacertilian, and in the case of snakes another 
typically ophidian. The lacertilian copulation and insemenation, as exemplified by 
Uromastix, consists of the male and the female lying side by side, the lateral turning 
over of the tail away from each other, and the juxtaposition of the male and female 
cloaca. This is usually after some minutes of sex-play in which the male is far more 
active than the female. 

Immediately after opposition of the cloaca, the erected hemipenis of the male, 
on the side nearest to the female, is everted like the finger of a glove by fluid pressure, 
there being no extensor muscle for the extension of the organ. The hemipenis is 
inserted into the proctodaeum of the female from where the distal end makes its way 
into the genital chamber of the Urodaeum, This is closed off from the urinary 
chamber ann the conical ‘^glans’ of the hemipenis may pass directly into the oviducal 
aperture. The spermatic fluid is discharged and passed finally into the ovisacs by 
contractions of the urodaeum, the fluid passing through the sperm groove (sulcus) on 
onter surface of the hemipenis. 
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Fertilization is effected high up ill the ovidact and the ferdlised ova are ^ 
in the ovisac after receiving coats of yolk, albumen^ shell inaiiiirane and finaJly the 
shell. Oviposition takes place' only when several ova, arc iiiiturc^ ieriiliscd aud 
shelled^ usually in the burrow in which Uromastix lives. 

In. ophidian type the hemipenes arc not only iniu’li tan ‘.ei' l)i if, snakes 
have no limbs for prehension of the female by the iln-y usually nnd<niake 

sexual congress by entwining around each other (and even eiajci iii|( ilu: anu^n’or haJJ' 
of the body, above the ground in a pre-copuLuory clan c(d and adlna'iiiy; a.i ilu^ cloacal 
region by the insertion of the two long hooked or spiny lieoiipcaies. Snak(!s do not lie 
side by side in sexual congress but are always applied venlradly, a,i least in the 
cloacal third of the body. 

The male snake may be easily recognised by distmet thick-cniiigs ou eitlicr side 
of base of tail caused by the retracted hemipencs. Ihe ext(s;na.l ojxniing’s of die 
hemipenes maybe seen by lifting the anal shield in a snake, one on (*atdi side; ol the 
transverse cloacal aperture which allows its cxersion. The lieniif Hsiis of F()vo', with 
its five regions, may be said to typify the organ in siada^s^ ;diiiour;h ('Ven Eryx lias a 
greatly different hemipenis. 

_ Functionally, the anatomy of the cloaca and siriieinn^ ofln'inipcnn'S jnsiify du* 
sexual congress in snakes to he called a true copulation, Tln^ niaf' tdo.ica is sd 
constructed that the urodaeum is raised high above tlu^ proetodaciim udutdi has not 
only a median interlocking ridge but two lateral jirociodeal ppoovi's whiidi are 
converted into sperm canals at coitus. The two elong'ated eiveud iiemipenes in Pi-^uix 
are inserted simultaneously into the cloaca of the leniale, vvlien^ t\V() ;;inu(,u' bu<n‘a! 
grooves, in the proctodaeum lead the ‘glans’ end of (sudi orgsui s(rai(»lu. into dir 
oviducal aperture of its side. More than half of each orgsiii inserts iiu;ht iusidt^ 
the distal part of oviduct (the ovisacs) where the spermatic fluid is cb posited. 


: ' Copulating snakes may be lifted right out of' the groinid or nsus'r but dieir 
copulatory ‘'hold” is not easily released. This is due to tlur doiilile aiuion of : ({ j tin* 
swelled enlarged penultimate part of the liemipcnis lying inside tin* shiiumned 
oviducal aperture and (2) the base of the oigan bieing firmly Indd in die feiu de 
cloaca by the rows of erected flashy spines and the two I'ldarggid basaJ s|>ines in 
Ptyas, This strangle-hold on the male copulatory organ is <.:oiuparaJ)lc with di<? 
siinilar phenomenon in copulation of the mammal Cards familkris, 'i’hr spermaaie 
fluid is passed along the longitudinal groove or spermatic siichis of (sudi Inmiirnnu;-: 
into the respective oviducts. In Eryx, as there is no ovisac, the C()[)ulatory or»»an:; are 
inserted high up in the oviducts ancl the sperms dischargixl ilieie. * * 


• Snakes may remain m from fifteen minutes teas long as tvvo hours or so 
the ^ copulatory organs not necessarily remaining inserted all that time, f 
observed in sexual congress for over an hour and a haif, ailluiurdi the colir j 
may remain coupled for five hours or so (Wall 1920;. This coitus may ‘ bcvnniea ter 

in snakes for three or four days. ^ ' 


- copulation takes place only when the are xiuuuro unci urciikmu' .vw.w 
the ovaries to enter the oviducal funnels or ostium abdorniimh;. 'I'hn 'Crriilisr,! ovi 
move down the thickwalled lower oviducts where secretion of ynlk nnd ailnnn.-'n 
takes place around the egg. FinaUy, the shell is secreted arcnuul the lU by 
shell glands of the ovisac or terminal part of the oviduct (Piyas). The ein-'s ’unhiiil 
fep mside loose earth or humus, the base of a heap of putrilying (l(>ad 
teihg a- favourite, place for the. oviposition. The female sriVH- ^ . 

hatch theeggs which are lefttohati in the S 
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file egg of Ptyas when laid is about the size of a pigeon egg, but more soft and 

cylindrical than the bird’s egg. 

Vn. SUMiVtARY 

The present paper gives a detailed account of the functional anatomy of the 
urinogenital system, copulation and oviposition in Uromastix (a typical lizard) and two 
snakes ; (1) Oviparus Ply as and (2) Viviparous Eryx. 

The functional morphology of the excretory organs of the snakes Ptyas and Etyx 
IS given here for the first time. , ' 

The ovaries and testes both show tandem arrangement in Ptyas^^ both being 
extremely elongated and displaced. Eryx is more akin to the lacertilian pattern, 
although it is more descerticolous than either Ptyas or Uromastix, 

The urine of Uromastix has ailantoin but no urea; Ptyas has urea but no 
allantoin ; while Eryx has neither ailantoin nor urea. 

The male copulatory organs are hemipenes (the two halves of a single penis) 
which show the following features : (1) both hemipenes are everted together ; (2) the 
erected organ has a dilated head or glans when everted ; (3) the organs establish a 
firm hold within the female and this compensates for the absence of any external 
hold during copulation in snakes ; (4j the spermatic fluid passes into a functionally 
produced canal or tube at copulation, which leads the fluid into the spermatic sulcus 
of the hemipenis ; and (5) fertilization is internal in the upper reaches of the oviduct 
in all the three reptiles studied. 
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The venous system of many reptiles has been worked out in detail e g 
6phenodon, Crocodilus, Lacertilia (Beddard 1905) ; Tropidonotus, Sphenodon (O’Donoghue 
1912, 1920) ; (Roy 1936); Varanus (Thapar 1922, Sharma 1954); etc. But 
the paper on venous system of Uromastix (Bhatia 1929) omits, strangely enough, the 
entire anterior veins of the animal. Uromaitix is used as a reptilian type in almost 
all Indian Universities for the graduate and post-graduate classes. The present 
note attempts to remove this gap in our knowledge by which students as well as 
teachers are severely handicapped specially because the anterior veins of Lacerta 
sketched m most text-books of Zoology, are quite dissimilar to those in Uromastix 
(fig. 1). 


THE PRECAVALS 

The lacertilian pattern of a right and a left precaval carrying blood from the 
anterior extremities and the head to the sinus venosus is maintained in Uromastix 
each precaval receiving four veins before it falls into the sinus venosus : (1) Larmso’ 
tracheal (2) Intercostal, (3) Subclavian and (4) Jugular sinus. But the left external jugular 
vein IS not absent as m Larsf/a. On each side the vein from the brain and 

orbital from the orbital region of the head join to form the internal jugular vein • 
while the maxillary from the upper jaw and face and the mandibular vein from the 
lower jaw, join to form the external jugular vien. These two veins, the internal and 
the external jugulars, join each other on reaching the level of the tympanum (ear) 
lying far internal to it, and form the common jugular vein. ’ 

The stout common jugular vein runs down posteriorly from the level of the ear 
into the neck region, where it receives a long vein on its outer side, the temporal 
(often mistaken for the external jugular), bringing blood from the temporal and 
auditory regions of the head. In the neck region each common jugular expands 
into a venous sinus called the jugular sinus. 

At the junction of the jugular sinus with the posterior vena cava falls a lar^e 
subclavian vein. Each subclavian is formed by the union of three veins : (1) the 
bringing venous blood from the shoulder region ; (2) the iracAial collecting 
blood from the lorelimb ; and (3) the axillary vein from the inner basal region of 
the forelimb and the thorax (fig. 1). 

Before entering the pericardium, each pre-caval receives a third vein, the 
intercostal, which is directed posteriorly along the inner wall of the thorax and 
collects blood from that region. Both pre-cavals enter the pericardium at the same 
level and, passing through its antero-lateral walls, fall into the large sinus venousus. 
Just before it falls into the sinus venosus each precaval receives a fourth vein, the 
Laryngotracheal, 
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THE TRACHEAL LOOPS (ANASTAMOSES) 

. L 1 trarhpal of some") arc two symmetrical lonja; vein 

The jj/ai "region by junction of a laryngo-mmlal and a lingm 

each originating in the Sue respectively. The Laryngo-tracheals, rur 

vein^^^^^^ tl^roughout its length. The, 

a^fnTa^trea^h anterior end and diverge posteriorly to join the 

pre-caval, close to their opening into the sinsus venosus. 

The two Laryngo-tracheals are joined by transverse half loops which ar. 
„ .u W in number and have been named here tracheal foo/).r (anasta 
usually three to four characteristic feature of Uromastix. The 

firrtrachJal loop is the shortest and lies just behind the junction ol laryngo-menta 
^nd Sual veins. The second and third loops he close together m the anteno, 
Inn of the neck level with the junction of the temporal vein with jugular smsus. 
?Kurth r“^ lies posteriormost. at level with the jugu ar sinus and 
thvSand, and is the longest of the four observed in Urom^ehx hardioickn. Very 
JaSy a^ Efth loop may be present, lying in between the first and the second 

tracheal loops. 

The Laryngo-tracheals receive along their course small veins from tlic laryia, 
trachea, oesophagus and thyroid gland. 

discussion 


The symmetrical arrangement of the anterior veins, in coniraHt with that <>l 
Laceria, shows that Uromastix is a more primativc lizard, with the adclititmal primitive 
arrangement of four large veins going into the formation oi the anterior vena cava 
The anterior vena cava is formed in lizards generally, a.s in Hctnld(iclylu$ ((Vlalicntlra^ 
1942), by the union of three veins : (1) a tracheal, (2) a common jugular# ami (3) a 
subclavian. In a few, as in there is union of only two: (1) the Ciunmon 

jugular, and (2) the subclavian. The union of four veins : (1) the common jugular^ (2) 
the subclavian, (3) the intercostal and (4) the laryngo-trachcal, found in Uromastix an- 
terior vena cava, is certainly more primitive than the two of Varanus and the tlircc o 
Hemidactylus, The differences from (Sharma, 1954) arc also well-marked ir: 

the anterior veins, since the four “plexuses’" (Thapar, 1922) join the external 
jugulars while they are short in Uromastix. 

The branches of the subclavian show chelonian features, there being onl) 
three branches : (1) the axillary, (2) the brachial and (3) the scapular. In Varanui 
(Sharma, 1954) it is formed by the brachial, v. anastomica longa, and a v. cutanea 
magna. 


The most serious drawback to my mind in all the descriptions of 
anterior veins in lizards is the terminology. While Thapar (1922) says there ar( 
two external jugulars in Varanus showing anasiamoses (his “plexuses'’), Sharma (1954' 
denies the very existence of the external jugular vein in Varanus. Then again the 
Vena mandibularis is planted on the internal jugular by Sharma, whereas it really be 
longs to the external jugular in vertebrates. I also find no reason for continuing the 
practice of calling the common jugular vein as Vena jugularis communis and the 
paired intercostals (azygos of Sharma) as Vena azygos dextra (right) and Vma aiygot 
sinistra (left) etc. etc. as has been done for the veins by Sharma (1954). 

In plain language, the external jugular is not absent in Uromastix (oi 
for ^hat matter in Varanus). What happens is hat a split junction or di»placcmci|1 
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of some of the elements of the external jugular in these lizards takes place, if we 
keep in mind the same embryological elements as mentioned by Luschka, Grosser 
and Brezina* Not only have the lingual and mandibular parted company in 
Uromastix^ but the maxillary and the mandibular veins join to form a distinct vein 
which must be considered as an external jugular. Moreover the temporal (with 
auricular) should also be considered as a separated element of the external jugular. 

The three or four tracheal loops (anastamoses) should also be considered as 
a primitive feature in lizards as exemplified by both Uromastix (Das) and Varanus 
(Sharma). 
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INTRODUCTION 

The genus Orient ocreadium was created by Tubangui, in 1 93 1 to include 
0, bairachoides Tubangui, 1931. Pande (1934) and Yamaguti (1934) added two 
more species Viz., 0. indicum Pande, 1934, and Yamaguti, 1934, to 

this genus. Yamaguti (1953) considered the genera Neoganada Dayal, 1938, Canada 
Chatterji, 1933, and Mzamia Dayal, 1938, synonymous to the genus Orieniocreadium, 
Saksena (1958) supported the above synonymity and pointed out the similarity 
of the genus Ganadotrema Dayal, 1949, with the genus Orientocreadiurn and included 
all the species of the genera Canada, Neoganada, Mzamia and Ganadotrema in the genus 
Orientocreadiurn Simultaneously Yamaguti (1958) had shown the genera Ganadotrema 
Dayal, 1949^ and Paratormopsolus Dubinina et Bychovsky, 1954, alongwith the 
genera Canada, Pleoganada and Nizamia, synonymous to the genus Orientocreadiurn » 
Yamaguti (1958) propose 0. dayali for Ganadotrema indica Dayal, 1949, which becomes 
0, indicam, which in turn becomes a homonym of 0. indicum Pande, 1934. As 0. dayali 
is preoccupied the author suggests 0. bharati for DayaFs species. 

Tubangui (1933) placed Orientocreadiurn in the subfamily Allocreadinae Looss, 
1902. Pande (1934) showed the similarity of the Orientocreadiurn with the genus 
Plesiocreadium Winfield, 1929, and placed the genus Orientocreadiurn in the subfamily 
Plesiocreadiinae Winfield, 1929. Yamaguti (1958) created a new subfamily Oriento- 
creadiinae to include the two genera — Orientocreadiurn Tubangui, 1931, and Macroirema 
Gupta, 1951. 

In this communication one more species of the genus Orientocreadiurn viz., 
O. umadasi n. sp. has been described. The parasites were obtained from the intestine 
of fresh water fish Clariasmagur during the months of May and June 1959 at Raipur, 


ORIENTOCREADIUM UMADASI n. sp. 

( Text Fig. 1 ) 

It is a spindle shaped trematode, measuring 4T2 — 2*69 mm, in length and 
0*59 mm. in breadth at the level of the anterior testis. The cuticle is thin and is 
covered with minute backwardly directed spines. 

The Oral sucker is subterminal in position and measures 0*22 — 0*21 mm. in 
diameter. It lies at the distance of 1*16-0*91 mm. from the anterior end. Pre- 
pharynx is comparatively long measuring 0*21 -0*18 mm, in length and 0*09 -0*0§ 



mm. in breadth. The pharynx measures 0'14- O'll X0‘14- 0‘1 1 mm. in size. The 
oesophagus is very small. The intestinal caeca extend upto posterior end of the 
body and have crenated outer margins at the commencement. 

The excretory pore lies at the posterior end of the body and leads into a 
tubular bladder which extends upto the posterior testis. The gentital pore is 
located above the acetabulum slightly to the left of the median line. 

There are two oval testes which lie one behind the other in the posterior half 
of the body. The anterior testis is situated at a distance of 1 ‘{if! -- 1-58 mm. from 
the anterior end, and measures 0'25- 0‘22 xO-22- 0-18 mm. The posterior testis 
is 0‘28-0‘25x0-24-0d8 mm. in size. The distance between the two testes is 
0*028 mm. The posterior testis is slightly larger than the anterior testis. 
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Text Fig. l« Orientocreadium umadasi sp« Dorsal View 

The cirrus sac is a well developed curved organ, embracing the acetabulum 
on the right side upto its posterior margin. It is 0*42- 0-36 mm. in h'ngth and 
0*11 “0*08 mm. in breath at the basal region. It contains oval vcsicula st-rni- 
nalis interna, 0*098 -0*09 x0*06 - 0*05 mm. in size, tubular pars prostatica surround- 
ed by prostate gland cells and the spiny cirrus. The vesiciila seminalis extermi is 
a bilobed structure, extending from the basal level of the cirrus sac to the anterior 
surface of the ovary. The proximal lobe of the vesicula seminalis externa measures 
0*08*0*07 X 0*05 mm. and its distal lobe measures 0*14-0*01 xO'll - 0*05 mm. 

The ovary is pretesticular, oval in shape, and lies in the median line at a 
distance of 1*55- 1*27 mm, from the anterior end. It measures 0d7 -0*1 x 0*17 mint 
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in size. The oviduct arises from the posterior margin of the ovary and opens at 
the ootype which lies between the ovary and anterior testis. The receptaculum 
seminis is absent. Laurers canal is present. 

The vitelline glands are lateral in position. They "extend from the 'anterior 
level of the ovary to the posterior end of the body where they meet with each 
other. The transverse vitelline ducts lie above the anterior testis. They meet 
to form a common vitelline duct which opens at the ootype. 

The uterus consists of transversely coiled limbs which cover the area from the 
level of the anterior testis upto the posterior end of the body. The ascending 
limb extends anteriorly on the right side of the acetabulum and forms a well 
developed metraterm which opens at the genital pore. The eggs are oval in 
shape measuring 0.03 x0’0l3 - 0*012 mm. in size. 


DISCUSSION 

Orientocreadium umadasi n. sp. differs from all the known species of the genus 
Orientocreadium except 0. hyderabadi (Dayal 1938) Yamaguti 1953 in possession of 
bilobed vesicula seminalis externa. It differs from 0, hyderabadi in shape 
of the testes and ovary, prepharynx comperatively long, the suckers being approxi- 
mately equal, and the size of the body. This new species is named after Professor 
Umadas Mukerji, the founder Principal of the College of Science, Raipur, where 
parasites were collected. 
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I. INTRODUCTION 

There hardly exists any adequate account of the digestive organs of the 
Membracidae (Homoptcra). The only record being that of Kershaw (1913) who 
has given a brief account of the alimentary canal o[Tricentrus albmaculatus. The 
present study, therefore, deals with the digestive organs of a common membracid, 
i.e., Oxyrhachis tatadus Fabr. 

II. MATERIAL AND TECHNIQpE 

The adult insects were collected from Kikar (Prosopis julijlora) plants commonly 
growing in the college campus. The insects were killed in a cyanide bottle and 
dissected in normal saline under Carl Zeiss binocular. The alimentary canal was 
fixed in Bouins fluid. Sections 6 to 8“ thick were cut and stained in Ehrlich’s 
Haematoxyline and Eosin. For cutting sections of the entire insect, freshly hatched 
adults with soft chitin, were similarly fixed, sections cut and stained. 

III. DIGESTIVE ORGANS 

The digestive organs comprise of the following : 

A. Organs of ingestion including mouth parts, hypopharynx, sucking 

apparatus & food-ebarnber etc. 

B. Alimentary canal. 

G, Salivary glands. 
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Mouth parts'. These consist of a labrutn, labium, a pair of rnadibular anci 
maxillary stylets, 

Labrutn (Fig. 10 Ir) : It is a short tapering structure reaching a little, licyond 
the middle of the second labial segments. It narrows proximally to meet the distal 
end of the enticlypeus. Its dorsal surface is rough and convex, tlic lateral sides 
bear chitinous protuberances and the ventral is grooved proximally to lodge the 
mandibular stylets. 

Labium (Fig. 1 lb) : It is a three jointed dark brown structure. A loose 
flexible tough membrane (mb), all round at its base, binds its first segment to the 
head. The whole stucture, when at rest, is lodged in between the coxae. Its first 
segment (1st) is richly clothed with stumpy dark chitinised outgrowths, Tlie .second 
segment (2nd) is the largest and is provided with fine bristUs all around. Fhi^ m.ir- 
gins of the dorsal groove have two sets of progressively very long stout bristles, one of 
which, originating from the outer side, projects upwards and forwards while theotlier 
set projects horizontally forward intercrossing the bristles of the opposite m.argin. T'he 
distal end of this segment is knob-like (Fig. 2kb) and projects out in the st-gunuu 
with which it is movably articulated by moans of a number of inusclc.s. The 
third segment (3rd), smallest of all, tapers distally and resembles the preceding 
segment in colour. It is composed of two identical lateral components joined 
together ventrally by means of a membrane and dorsally by tlie labial pl.ate. A 
whirl of stout bristles is prominently held out near the distal end. Tlie laliium i.s 
furrowed throughout its length by a dorsal groove (dg). It is wide proximally 
to accommodate the hypopharynx and narrows as it advances. It carries at its 
base a highly chitinised labial plate (Ip), which runs all along its length to form 
the hard ground for the piercing apparatus. It extends into the head and end.s in 
a knob (kn). The latter provides a place for the insertion of the protractor nntsclcs 
of the labium. It slightly bends ventrawards in the first segment and widens 
leavmvg a gap in the middle (Fig. 10). 

Mandibular stylet (Elg. 3 md) : Each mandibular stylet originates from the 
head region and lies in the bristle pouch (Tig. 8 bp). They are thick at the liase 
and gradually taper distally. The tip of each is outwardly senated with a 
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number of recurved teeth. The inner margin of each stylet is hollow (Fig. 5 
md) to accommodate a maxillary stylet (mx). At the base there is a protractor 
arm, the lever (Ir), articulating with the mandibular plate on the dorsal side. 

Maxillary stylet m-a) : They are thinner than , the mandibular stylets. 

Each stylet on its inner margin carries two grooves (Fig. 5). When the two stylets 
he opposed to each other, these grooves form two channels, viz., foodcanal (fc) 
and salivary canal (sc). A. curved maxillary lever (Ir) is attached at the base of 
each stylet. The other end of this lever is connected with the lateral plate of the 
hypopharynx. 



Fig. 1. Labium of Oxyrhachis taranius Fabr. ; Fig. 2. Ventral view of the tip of the labium ; Fig. 3. Mandi- 
bular stylet ; Fig. 4. Maxillary stylet ; Fig. 5.T. S. of madibular and maxillary stylets showing 
food canal and salivary canal. 

1st, First segment ; 2nd, second seg nents ; 3rd, third segment; dg, dorsal groove; kb, knob 
like distal end of the second seg nent ; fc, foodcmal ; kn, knob of the labial plate ; lb, labium ; 
Ip, labial plate ; Ir, lever ; mb, membrane ; md, mandibular stylet ; mdp, mandibular plate ; 
inxp, maxillary plate ; sc^ salivary canal. 
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, /c- fi 7 ft q & 10 hp). : It resembles with that of other 

Hypopharynx (Figs. 6, 7, 8, 0 & 

Ho«optt,; i» Us general pla". Fot™'li»6 '»'» ““ 

.„rf.ce of the head and lorars the salivary pump (sp), the bases of the suetms 

^ 1 . Tf i'q nrnvklrd With thc luucx arul outer 

apparatus (sa), and the food-meatus (fm). It is provicu.a w i 

broad lateral wings (Iw), which eatend into thc cranial region and inci-l the 
tentorial aims ja). Form thc under side of these lateral wiagr arr.e lan,hap=J 

mnsdes of the salivary pump. 



Fig. 6. Head Jissected out to show the salivaiT pump,diypopUaryng«;,a plUtrarul icntrH h.un , l- if-:. 7. 
Hypopharyngial part of thesucldng chamber along witli the lateral |)laU:4; log. H. I . b. t>l the 
head pasdng through thesucldng chamber or sucking apparatus ; tug. 9. F. S. ol tin* bra.’ I pausing 
throguh the food-mealurc ; Fig. 10. L. S. ol the head. 

bp, bristle pouch ; hr, brain ; dm, dilator muscles ; cp, epipbarynx ; cstl, ellin’cni M iUviuy diu t ; 
fm, food meatus ; fmt ; tunctional mouth ; frcl, frontoclypeus ; go, gustaloiy organ:; ; gr, groove* ; 
hp, hvpopharynx ; kn, knob of the labial plate ; lb, labium ; Ir, la.l>ruiu ; Ip, labial plate ; Iw, 
lateral wings ; m, true mouth; mdp, mandibular plate; inxp, maxillary plate , pli, pharynx ; 
sa, sucking apparatus or sucking chamber; sp, sucking pump; sg, s livary glands; tu, 
tantorial arm. 
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Sucking apparatus (Figs, 7,8 & 10 sa) : It consists of two boat shaped structures, 
viz., dorsal and ventral, one fitting into the other. The dorsal part, forming the 
anterior border, is made up of thin and flexible chitin called the epipharynx (ep), 
whose median edge, at the bottom, carries a ridge to fit into a groove (Figs, 7 & 8 grj 
or the ventral or posterior part of the sucking apparatus. The ventral part of the 
sucking apparatus is formed by the hypopharynx. A number of dilator muscles 
(dm), arising from the lateral walls of the frontoclypeus (frcl) and^ arranged in v- 
shaped fashion, are inserted on the anterior or dorsal surface of the epipharynx.^ Ihe 
lateral walls of hypopharyngial part of the sucking apparatus are strongly chitinised 
and continue sidewards to meet the lateral plates (Fig. 7 Ip) which in turn are 
fused with the mandibular plates (Fig, 7 mdp). Anteriorly the chamber is con- 
nected with the food-meatus (fm) and posteriorly with the pharynx (ph). On the 
contraction of the dilator muscles, tbe epipharynx is raised upwards increasing the 
space in the sucking apparatus and creating partial vacuum. Consequently the 
liquid food from the food-meatus (fm) and food-canal (fc), rushes into the chamber 
to fill the vacuum. The junction of the food-meatus and sucking apparatus is not 
guarded by any valve. The various bundles of the dilator muscles^ do not relax 
simultaneou.sly but the wave commences from the anterior side and travel 
posteriorly to the pharynx pushing the food with it. 

Food meatus (Figs. 9 & 10 fm) ; It represents the continued part of the suck- 
ing apparatus on the anterior side. The same components of the shucking 
apparatus, epipharynx and hypopharynx, form this canal by the fusion oi 
their lateral walls. This canal is prominently deflected posteriorly in its middle. 
Here a small powerful muscle, arising from the anticlyyeus, is inserted, ihe 
operation of this muscle controls the calibration of the food-meatus at this point 
to act as a valve for awarding sufficient opportunity to the gustatory organs (go) to 
exercise a satisfactory discrimination over the quality of food. This point furthe* 
divides the food-meatus into a distal and proximal part. The distal part gradually 
narrows and ends into the functional mouth (fmt) into which opens the food-canal 
(fc), 1 he wall of the epipharynx in this region is provided by a number of small 

pores arranged in a straight line and connecting the food-canal with the gustatory 
organs (Figs, 9 & 10). 


Salivary pimp (Figs. 6 & 8 sp) : It is a cylindrical stucture and receives 
anteroventrally a common salivary duct (sd). A thin a slightly chitinised diaphragm 
shuts the salivary pump at the back end. From the middle of this^ comes out a 
long solid chitinised rod over which a number of salivary muscles, arising from the 
hypopharyngeal plate, are inserted. The contraction of these muscles causes a 
Vacuum in the salivary pump. This causes the saliva from the salivary duct to 
rush in. 


Alimentary canal (Fig. 11): It consists of three parts, i. foregut, midgut, and 
hindgut. rhe foregut consists of pharynx (ph) and oesophagus (oe). 
midgut or ventriculus is the largest part of the alimentary canal being about 
four times the length of the foregut. The hindgut consists of a narrow anterior 
long intestine (in) and a bulbous rectum (rm). 


Pure gut 10 &11) : It begins at the true mouth (no) which is situated 

at the posterior end of the sucking apparatus. The pharynx, farst , 

foregut, coirmienccs at the base of this aperture as an elongated narrow “ 
tube. Itistliin dorsally and thick ventrally. On its dorsal wall 
a number of dilator muscles (dm) arising from the head. ^ j 

form a small sac like structure resting upon the tentorial bar. Here it is sunou U 
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by liumerous longitudinal muscles. The distinct epithelial lining is wanting and 
the cavity is internally lined by a smooth chitinous intirna. 

The pharynx continues posteriorly into a short greyish oesophagus (oc) which 
extends back upto the middle of the mesothorax. Posteriorly it swidLs up and into 
the first section of the ventriculus (Fig. 14 ivea)„ Tiie liistological drtails of the 
oesophagus are similar to those of the pharynx except tire epithelial rming, which 
is very well developed and consists of enlarged cells with one or two nuclei (Fig. 13), 
These cells are thrown into a number of ridges and furrows in the cardiac region. 
The junction of the fore and raidgut is not guarded by a distinct valve. 



F%. 11. Alimentary canal ; Fig. 12. T. S. passing through the posterior region of the licad ; Fitr. 13. f, H 

1 1 • ^ It; filt“-chambcr at X X. in the (ignre 

U , big. 15. T. S. ofthemesenteronat Y Yin the figure 11: Fig. 16. L. S. ofanleriur reAoa 

obliaurT'wrt,’ of the second section of tlievcalriculus;!' is;, llian 

Oblique T. S. rectum showing the opening of the intestine in it. 

muscles ; cs, connective tissue slieath ; dm, dilator muscle.s ; cp, cpiihclium ; fc, (ill t- 

iutesiinc; l.,tcr,a vtiori : li 

ligameni; md, mandibular stylet; mp, malpigbiau tubes; ms. mcrutcnm - r'i n 

™‘='“les ; vec, vescile ; Ivcn, lir.st scclion of the vci’uicului ; •'vcm' 
second section of the ventriculus; 3ven, third section of the vcuU iculus. 

tarv Jnal TnT?ro°fi (Fig. U mes) is the largest part of the alimeu- 
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section of the ventricuius (2ven)« The former forms an important part of the filter® 
chamber and communicates with the second part of the ventricuius (Fig. 16 2 ven) by 
means of a narrow gap. The second part of the ventricuius is usually cream-colour. 
It is elongated sac like structure with irregular outlines. Posteriorly it gradully 
narrows^ ascends up taking a turn to the left, describes a zigzag course over the 
descending part of the second section of the ventricuius and finally merges into 
the third section of the ventricuius inside the filter-chamber. The third section of 
the ventricuius (Seven) lies enclosed within the filter-chamber. It runs up and 
down on the surface of the first section of the ventriculas and is inseparably attached 
with the latter. Anteriorly it forms two loops and then descends down to join the 
intestine fin). 

The histological details of the ventricuius (Figs. 14, 15, 16 and 17) present a 
great diversity in different regions. The first section of the ventricuius (Iven), 
together with the third, is enclosed within a thin connective tissue sheath (cs). The 
latter consists of a basal membrane of the epithelial cells and a thin membranous 
lining. The first section of the ventricuius (Iven) forms a major part of the filter- 
chamber (fc). Its cavity is lined by broad columnar epithelial cells without any 
intervening space in between the cells. Each cells possesses a distinct cell-wall 
and is provided v^ith round basal nucleus. This cellular nature is lost in the 
region which is in close contact with the third section of the ventricuius and is 
represented by a fine cytoplasmic strip (Fig. 14). 

The epithelium of the ascending and descending parts of the midgut (except 
the part enclosed within the filter-chamber) is similar and yet it presents a great 
diversity in shape and size. At certain places the cells are considerably long while 
at others they are very short and flat. The transition from tall to short is gradual 
at some places and abrupt at others. The distal margin of these cells are free 
from one another and project into the lumen (Fig. 17). The cell-walls are distinct 
often touching each other in the basal region and at times distinct intervening 
space exists between the adjacent cells. The inner border of each cell contains 
radial striations. Each cell possesses one or two nuclei which may be round or 
oval. The cytoplasm is vacuolated (vac). The number and size of these vacuoles 
differ in different cells according to their physiological state. These vacuoles are 
liberated by the rupture of the cell-wall in the lumen. The inner border of 
these epithelial cells bud off cytoplasmic vesicles (vec) which may be with or without 
nuclei. At times, the budding is so profuse that most of the space of the lumen, 
especially that of the ascending part, is filled up with them. Similar type of 
vacuoles without nuclei have been reported from the midgut of M/mi by 

Willis (1949,. Their orgin has been traced by Saxena (1955) in cetain leaf-hoppers. 
He has noticed numerous vesicles flowing cut from the raidgut of freshly dissected 
leaf-hoppers. He believes that these vesicles are formed as a result of physiological 
activity of the epithelium. At the base of these epithelial cells there are cetain 
small cells called nidi (ni). The epithelium is surrounded by relatively less strongly 
developed circular muscles (cm) on the outer side. 

The nature of these cells abruptly changes the moment the ascending part of 
the midgut enters the filter-chamber (Fig, 13 & 16). The wall of this part of 
midgut, third section of the ventricuius (Sven), is lined with a few large or 

giant cells ( -c), which although present on side, virtually occupy the entire space 
of the thiid section of the ventricuius. Each ceil carries a large oval or elongated 
nucleus. The cytoplasm is non vacuolated. The histological details, on either 
side of the line of contact of tills p i. t of the midgut and first section of the ventri-* 
cuius, arc similar (Figs. 14 & 16). The two walls are inseparably united together 
and cellular nature is reduced to a mere thin cytoplasmic strips without distinct 
Cell-wall. 



The hindgut begins inside the filter *cliambei\ It consists oi‘an nuicrior 
intestine and a poste'^ior short bulbous rectum, The former starts from tlie upper 
half of the filter- chamber just above the entrance of the ocsopha'^us (oc) into the 
first section of the ventriculus, runs forward to the right, passes below thc^ third 
section of the ventriculus and emerges out of the filter-chamber on forming a short 
of girdle round it. After leaving the filt u'-chamber it is accompanied l)y four 
malpighian tubes (rap) running in a convoluted manner to meet the inverted flask 
shaped rectum (rm). The anterior part of th^ inteainC; present in side the fiatcr- 
chamber, differs considerably in histological details with the rest of the intestine. 
Its wall is composed of numerous small cells each of which coruains a round basal 
nucleus. The posterior part of the intestine is composed of a few large cells with- 
out distinct cell boundary (Fig. 15). Outwardly the intestine is covered with a 
thin layer of circular muscles (Fig, i8cm). The lumen is lined with chitinous 
intima (int). The opening of the intestine into the rectum is guarded by a few 
bulged-out cells, which seem to exercise the function of a valve allowing the flow 
of liquid only in one direction. The cavity of the rectum is lined I y flattened 
epithelial cells with a cuticular intima. Externally there are numerous circular 
and longitudinal muscles (Fig, 18,cm, Im). 


^ Salivary glands (Fig. 19) : These glands consist ol'a pair of |)riucip:il (i)sg) and 
a pair of accessory glands (asg). The former are situated in the anterior region 
of the prothorax and the latter project into the cephalic region on either side of 
the oesophagus. The principal gland is quadrilobed comprised of an aiusndor large 
bbe and the remaining three small lobes constitute the posterior part. A smail 
stalk from each lobe joins together at a common point, the hilus (hi), which holds 
on the various lobes. The salivary duct, originating from the lulris, runs ou cither 
side of the nerve collar, ascends towards the hypopharynx and joins its hdlow of 
the opposite side forming a common salivary duct (sd) which optais int«> the 
salivary pump (Fig. 10 sp). The accessory gland is vesicular in form. Us distal 
end continues proximally into a recurved grey terminal end which is conntaatal with 
the hilus by short fine duct. 


k anterior lobe of the principal gland consists of a number of ctdls wliich arc 

central canal (fig 20 cn). Each cell shows two large nuclei which may be round 
or ova,l or irregular in ^thne. The cytoplasm is traversed by a large munber of 
collecung vacuoles in different stages. Some of them are em,L where s h - 

loo4‘asln"ad n; vacuolchiamio chiubt dcve- 

Ihe'^DSoose ^of LorL size of the cell ami also .serve 

me purpose ol storing up quite an appreciable quantity of secretion The 

ST wirrS- unicellular (Fig. 21). Each cell possesses two irregubir 

?hi ceUs h ^oi ® extending into the cytoplasm. Vacuolisatioii i„ 

&23)!^\SdbtTLSL^^^ ^ layer of glandular cells (Fig.s. 22 

which have a very narrow Ken Shin % k 'Numerous enlarged conical cells (coc) 

and a basal nucleus. XnS 1ST $ “ll7PO^«-=^3es a distinct cell-wall 
but the frequency of their occurrenre ^ throughout the cytoplasm of each 
gland. The presence of these vamnlp. , ^®™Pai'ed to the ccll.s of the main 

substance. The distal swollen nonion 

distal part of the gland. The luK f ^ the uarrow'bcut 

„ . _ . - the of 1 


I- r Jiuuicn 01 tliu 

because of the flattening of the cells (Fig. 23).' 
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possessing large round basal nuclei and vacuolated cytoplasm fFig. 24). The canal 
(cn) is thickly chitinised in the middle. This structure is maintained for most of 
its length but Its cellular nature is completely lost in the anterior region where a 
strong hollow chitinised rod opens at the bottom of the salivary syringe. 



Fig. 19. Salivary glands ; Fig. 20. T. S. of the anterior lobe of the main gland ; Fig. 21. T. S. of the 
posterior lobes of the mam glani; Fig. 22. T. S. passing through !he posterior region of the 
accessory gland of thesahvary gland ; lig. 23. ‘.S. passing through the anterior region of 
the acc«sory gland of the salivary gland ; Fig. 2C T. S of the%alivary duct; ptg 25. 
tral^ghian tube ^ "“alpighian tube ; Fig. 26. T. S. of the proximal region of the 


asg, accessory salivary gland ; c, central canal ; cn, central canal ; coc, conical cells; hi. 
n, nucleus ; psg, principal salivary gland ; sd, salivary duct $ vac, vacuoles. 


hilus ; 


IV. MALPIGHIAN TUBES 

There are four malpighian tubes in this insect. They arise at the junction 
or the third section of the ventricules and the intestine in the form of two thin 
stalks (ms), which, for some distance, run along the third section of the ventricules 
and leave the filter-chamber at the same place where the third section of the 
ventneulea enters into it. But before their exit, each of them divides into two so 
that four malpighian tubes actually leave the filter-chamber (Fig. 11). 

Each malpighian tube shows two distinct regions, i e., a proximal and a distal. 
The proximal two thirds of the tubule is semi-transparent duct with a wavy outline, 
Tjearly as thick as the intestine. Its wall is made up of two longitudinal rows of 
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uninucleate epithelial cells which are limited by a basement mc.nbrane and 
Lclose a lumen in the centre (Fig. 26)._ The cytoplasm is finely granular and 

free maro'in of the cells show a radial striations towards the iiitiitiu 1 lie distal 
one thiriT part consists of a white spinclic shaped structure and is followed liy a 
short terminal part which rests in a small depression on the rectum. I lie wall ol 
the spindle shaped region consists of a number of large cells winch ahnost iill the 
lumen. Each cell is broad at the base and carries a peripheral nucleus longer 
than broad (Fig. 25). 

V. DTSGtlSSION 


Kershaw (1913), in Tricentrus albomaculatus ^ has shown that the major part of 
the alimentary canal is occupid by the foregut which consists of a short oesophagus 
and an elongated sac like crop. Its rnidgut or ventricules arises at the posterior 
end of the crop, ascends up following a zigzag course and then merges with the 
intestine inside the filter-chamber. The intestine leaves the filter-chamber 
in the form of along narrow tube and ends in a bulbous rectum. Although, this 
description was taken to be correct by Irnras (I9'f8), yet the fact was that most 
of the workers at that time had hardly understood the correct reladon of the 
different parts of the Homoptcrous alimentary canal, Hickernell (1920) in (Jicada 
and Cecil (1920) in Philaenus have shown thatt he midgut in Ilomoplcrous insect 
begins and ends inside the filter-chamber. In the ligdit of the abiive obsfuvatmins, 
Snodgrass (1935) figured correctly the alimentary canal of Tricenlrus alhomaculaius 
and further divided the midgut or ventnculus into three parts, i.e , tlu^ first, 
second and third sections of the ventriculus. Thus the part, shown to be as ciop 
by Kershaw (1913), is in fact made up of first and second se;etions of the 
ventricules and the midintesline as third section of the vcntriculiis. Snod- 
grass (1935) has further shown second section of the ventriculus as a sac like 
structure with a brord base anteriorly and gradually narrowing towards the 
posterior side. The third section starts at the posterior end of tlu^ second section 
of the ventriculus and ends inside the filtcr-chaiiiber. Contrary to this^ tlie histo- 
logical details, i.e., (!) radical striations on the inner border, (2) the presence of the 
vacuoles in the cytoplasm and (3) budding oil the cytoplasmic vesicles iVom the 
inner border of the epithelium and their subsequent presence in the: caviiies, of 
descending and ascending parts of the midgut (out side the filtcr-cliainber) of 
Oxyrhackis tarandus Fabr., lead the author to believe that ascending part in this 
insect does not represent a new part but the continuation of the second part of the 
ventriculus. The third section of the ventiicuius, lies enclosed within the filter- 
chamber. This section can easily be distinguished due to tlie presence of a few 
giant or enlarged ceils on one side and the other side being reduced to a thin 
cytoplasmic strip, which, as already shown by Ghandel (1958), after fusion with a 
similar strip of the first section of the ventnculus, forms a scmipeimcab.c membrane 
and allows extra quantity of water from the liquid food to pass from the first 
section of the ventriculus to the third and thence to the intestine. 


V. SUMMARY 

The organs of ingestion, anatomy and histology of the alimentary canal, 
salivary glands and malpighian tubes of Oxyrhackis tarandus Fabr,, have been 
described in this paper. 

The alimentary canal is usual but the midgut is comprised of three sections. 
Ihe ascending part of the midgut, named by various authors as third section of the 
ventriculus, represents actually a continued part of the second section of the 
ventr^ulus and the third section in this insect is enclose^ wit;hin the filtci'* 
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The Salivary glands are comprised of a pair of quadrilobed principal or 
main gland and a vesicular accessory gland. Their histology has been given in 
detail. 

The malpighian tubes are four in number. Their distal end rest in rectal 
pockets. 
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INTRODUCTION 


Leaf spot disease of tomato plants, caused by Sepioria Jycopersici Speg., was first 
reported in India from Goonoor (Rarnakrisluiau and Simdarain, 11)54), Lat(a* the 
disease was found to be in a severe " ’ ..... 

(Gupta, 1958). 


form in Kumaon region in Northern India 


EXPERIMENIAL 

Symptoms: The disease appears in the fields of Kumaon hills in the month of 
July when scattered, small, irregular and brownish spots appear near the marnin ol 
ihe distal leaflets of the older leaves (fi<»'s. 1 & ^ 


2). 'Tlic infection tlien 


Sjneads to 


Other leahets rachis, petiole and stern. Elongated spots are formed on the last thire 
portions^ The infeted leaves soon become chlorotic, then start drooping and 
ultiinately fall down. Within a month the infected plants are left with 2-3 leaves 
ate top only (Fig. 3). Either the fruit formation is completely checked or if .soiiie 
fruits are lormed they are small and shapeless. 

of the fungus ; Mycelium is septate and intercellular. Pycnidia develop 
^VPophy' lous, hemispherical and black in colour. 
9.=° ^ o.Q ^ numbers and are long, slender, 45-b/'. - 94 /«. in length 

2 5/1 - 3-8 /i m breadth and 4-8 septate. m n.ugin, 

viddfv“o?Si'T.ffj B, . I'icUs »f to.nato plants in tl.c 

sowni?theSnth ofw andl‘ mSi I'af''?' tomato plants, the .seeds were 
plots in „bioh Ssptoi loaf spoXlt 

Pnsa RorH!,”'°PnstTTb(!‘su™l‘,rM^^^^^ wore tested; Siena, Golden Jubilee, 
Sun Ray and Naini Tal local. Alfthc^ n-ci- Ox-heart, Pondcrosa, i’mcluud, 

of the disease two weeks after their trs, vaiieties started showing syuiptom.s 

of the leaves got inTectS anff^U IwT ^ end of Aug test mo.st 

tively less severe on the variety Pi^sa Red Imwcvcr, compara- 
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Fy'. 2. An early infection. Older leavCKS show 
infection. 


( 


Fig. 3. Completely infected plant. 
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SUMkAR^ 


of tomato plants is prcveleut in severe form in aniaS 
ricties of tomato plants were teeted but none showed 

rcsibtance to the disease. 


Septoria leaf spot disease 
around Naini TaL Eleven vi 


i. 


2 . 
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